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ERTHES in 1907 wrote, “the rarest 
form of jaw carcinoma is the meta- 
static.” Almost 40 years have elapsed 
since this observation was recorded, 
yet its validity has remained unchallenged. 
| uring this period roentgenology, the greatest 
aid in the diagnosis of osseous metastases, had 
its origin and development. Evidently the 
paucity of reported instances of metastatic 
involvement of the mandible cannot be as- 
cribed to the inadequacy of diagnostic facilities 
during these years. As recently as 1936, Ge- 
schickter stated that ‘although carcinoma 
metastasizing to bone is a relatively common 
condition, the upper and lower jaw are rarely 
involved.” It is conceivable that a metastatic 
focus in the mandible might remain asymp- 
tomatic and thus be overlooked, but such in- 
stances must be extremely infrequent. 

Three lesions which frequently produce os- 
scous metastases are carcinoma of the thyroid, 
prostate, and breast. Metastasis to the man- 
dible from these primary sites, however, ap- 
pears to be uncommon in thyroid carcinoma 
and extremely infrequent in breast and pro- 
static cancer. Rare examples of metastasis to 
the mandible from carcinoma of the lung, 
rectum and kidney have been reported (Stern 
and Shepard, Blum). Some authors (Ehrhardt, 
Blumer) have described a number of cases of 
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metastasis of thyroid carcinoma to the man- 
dible, but we have been able to tind only 11 
recorded instances of metastatic involvement 
of the mandible from carcinoma of the breast. 
To this number we add 5 of our own. 

The earliest recorded case is that of Bat- 
zaroft who in 18209 described the occurrence of 
metastasis to the mandible 21 months after a 
mastectomy for mammary carcinoma. There 
was no evidence of local recurrence. There is 
no other reported example until 1909 when 
Schlesinger published reports of 5 cases of 
lower jaw metastatic lesions, 4 associated with 
carcinoma of the breast, and 1 with carcinoma 
of the prostate. About 20 years later, Blair, 
Brown, and Womack wrote that they had 
noted metastatic carcinoma of the jaw three 
times, once from the rectum and twice from the 
breast. No details were given. 

In 1930 Sonntag described the case of a 65 
year old woman who consulted him because 
of a swelling of the left lower jaw of several 
months’ duration. She had undergone a left 
radical mastectomy 3 years previously. There 
was no evidence of metastasis elsewhere, 
therefore the mass in the mandible was con- 
sidered a primary tumor and the jaw was re- 
sected. Microscopic examination revealed the 
jaw lesion to be metastatic mammary cancer. 
The patient died one year later. Skillen also 
in 1930 reported the case of a 4o year old 
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woman with a metastatic lesion to the man- 
dible, proved histologically, from a breast car- 
cinoma. 

The same year (1930) Thoma, in his text- 
book gave an abstract of 2 cases. One, a 46 
year old woman, developed a metastatic lesion 
in the left mandible following a mastectomy 
for colloid carcinoma of the left breast. The 
second patient developed a metastasis to the 
left mandible from an adenosarcoma of the 
left breast. It is of interest that Rogers and 
Flo have reported a case of metastasis to the 
mandible consequent upon a breast fibrosar- 
coma. 

The most recent example published is by 
Burket in 1941. This was a 38 year old woman 
who developed metastatic disease in the right 
mandible 4 years after a left radical mastec- 
tomy for carcinoma. 

Our 5 cases are as follows. 

Case r. B.E.,a 41 vear old female, underwent pre- 
operative irradiation and a right radical mastectomy 
3 Years before coming to the clinic. The patho- 
logical diagnosis was adenocarcinoma grade 3 with 
node metastasis. One vear following the mastectomy 
the patient had an extraction of a left lower molar 
with subsequent numbness of the lower left side of 
the face and swelling of the left mandible. These 
symptoms persisted. Her chief complaints on ad- 
mission were cough, dyspnea, pain in the chest and 
back, anorexia and occasional vomiting, and swell- 
ing of the left mandible. 

Examination revealed a well healed right radical 
mastectomy scar. There was no evidence of local 
recurrence and no adenopathy. In the horizontal 
ramus of the left mandible near the junction of the 
middle and posterior thirds there was a smooth, 
hard, fixed, painless, nonulcerated mass about 2 
centimeters in diameter, involving the whole thick- 
ness of the bone. 

Roentgen studies disclosed evidence of metastasis 
to the pelvis and extensive destruction of the hori- 
zontal ramus of the left mandible (Fig. 1). An aspi- 
ration biopsy of the mass on the mandible was re- 
ported as metastatic carcinoma consistent with 
mammary origin. The patient was given a small 
amount of roentgen therapy to mandible but died 
of metastases about 4 months after her initial visit. 

CAsE 2. J.C.,a63 vear old woman, consulted the 
clinic because of a lump of 18 months’ duration in 
the right breast. The lump had been growing slowly 
until 2 months previously when it began to ulcerate. 
Examination revealed the right nipple and areola to 
be completely replaced by a hornifying crust and the 
central portion of the breast to be entirely filled by a 
stony hard tumor mass 6 centimeters in diameter. 
There was no palpable adenopathy. 


The patient refused operative therapy and faile« 
to return to the clinic for 2 years. Despite th: 
elapsed time the condition was still operable al 
though nodes were now palpable in the right axilla 
radical mastectomy was performed followin; 
which she made a good recovery. An area on th 
anterior right chest wall required a skin graft. 

The pathological report on the surgical specime) 
was infiltrating duct carcinoma grade 3, with me 
tastasis to the axillary lymph nodes. Because th: 
grafted area was slow to heal the patient did no 
receive any postoperative x-ray therapy. 

Her return visits to the clinic were irregular a: 
first and then ceased for about 9 months. She the: 
consulted the clinic because of the appearance o! 
some nodules in the skin of the right chest wall at thi 
edge of the previous graft. A biopsy of one of thes: 
nodules was reported as recurrent carcinoma and 
radiation therapy was advised. She failed to return 
for 8 months at which time low voltage irradiation 
was administered to the right anterior chest wall. 

Another 4 months’ period of absenteeism from the 
clinic followed. At the end of this interval the pa 
tient returned because of an enlargement in the right 
mandible and right temporal region. Examination 
revealed a hard swelling involving the right mandible. 
A roentgenogram disclosed numerous and extensive 
areas of bone destruction in the right mandible and 
skull which were interpreted as carcinoma metas 
tases (Fig. 2). She received a small amount oi 
x-ray therapy to the right side of the face but failed 
to return for further treatment and was lost to 
follow-up. 

Case 3. M.R.,a 43 vear old woman, underwent a 
radical mastectomy for carcinoma of the left breast 
in January, 1940. The pathological diagnosis was 
infiltrating duct carcinoma grade 3 with metastasis 
to multiple axillary nodes. 

The patient remained free from apparent diseass 


forabout 2'2 vears. Then she developed a mass over 


the left third rib about 2 centimeters from the lateral! 
border of the sternum. A roentgenogram disclose: 
an area of destruction in the anterior part of th 
third left rib. There was no other evidence 0! 
disease. 

In view of the desperate situation the involved 
area of the rib was resected and at the same time th 
patient was sterilized, a panhysterectomy bein: 
performed. The pathological report on the excise 
tumor of the rib was ** mammary carcinoma invadin 
rib.” 

For about 1 year following this she was apparent! 
free of disease. A roentgenogram of the chest at th 
end of this period failed to reveal any evidence of di 
ease. A short time later, however, the patient di 
veloped paresthesia (“‘sensation of pins and needles’ 
in the left side of her face. She considered the co! 
dition a neuralgia and treated herself. The pare: 
thesia changed in character and became a sensatio 
of numbness over the left lower jaw. 

Several months later the patient developed pai 
in the lower dorsal region and a lump in the left low: 
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ig. 1. Roentgenogram, Case 1, showing extensive de 
ction of the horizontal ramus of the left mandible. 


The sensation of numbness over the left man- 
le still persisted. An x-ray examination of the 

ibar spine and pelvis revealed numerous areas of 

(astasis. Roentgenographic study of the man- 

le disclosed an area of destruction in the hori- 

tal ramus (Fig. 3). There were also at this time 
m<tastatic deposits in the scalp and in the skin of 
th: chest wall. She received x-ray therapy to all of 
the metastatic lesions and is still living with active 
disease 5 vears after her radical mastectomy. 

CAsE 4. E.M. was a 51 vear old woman who in 
1930 underwent a simple mastectomy for carcinoma 
ol the left breast at another institution. She was 
apparently free of disease for about 2 years. Then a 
swelling appeared over the angle of the right man- 
dible for which she consulted this clinic. Roentgeno- 


Fig. 3. Case 3. An area of destruction in horizontal 
ramus is shown. 
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Fig. 2. Case 2. Numerous and extensive areas of bone 
destruction in right mandible and skull are shown. 


graphic studies revealed a large area of bone destruc- 
tion in the ascending ramus of the right mandible 
(Fig. 4). The roentgenologist believed that it pre 
sented more of the features of a primary bone tumor 
such as an adamantinoma rather than those of met- 
astatic carcinoma. The irregularities of bone de 
struction, and the somewhat honeycomb appear 
ance, made a diagnosis of a primary bone tumor such 
as an adamantinoma seem more likely. Films of the 
chest failed to reveal evidence of a primary tumor or 
metastases. Roentgenograms of the pelvis, spine, 
legs and arms exhibited no evidence of bone destruc 
tion or carcinoma metastasis. 

An aspiration biopsy of the mass in the mandible 
was performed and reported as adenocarcinoma con- 
sistent with mammary origin. A submitted slide of 


Fig. 4. Case 4. Roentgenogram reveals a large area of 
bone destruction in ascending ramus of the right mandible. 
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Fig. 5. Case 4. Four months later roentgenogram re- 
veals considerable bone regeneration in the area of de- 
struction about the angle of the mandible. 


the original breast tumor was reported as infiltrating 
duct carcinoma grade 3, and this material was con- 
sidered by Dr. Fred Stewart as perfectly consistent 
with that obtained from the mandible by aspiration. 

The patient received x-ray therapy to the meta- 
static lesion in the mandible with considerable re- 
gression of the mass. A roentgenogram taken 4 
months later revealed evidence of considerable bone 
regeneration in the area of destruction about the 
angle of the mandible (Fig. 5). Physical examina- 
tion 2 years after this film was made revealed the 
right mandible to be slightly larger than the left 
near the angle. 

Soon after this the patient developed anorexia, 
flatulence, and generalized abdominal pain. On 
examination a mass was found in the epigastrium. 
There was no other demonstrable evidence of dis- 
vase. The patient’s condition gradually deteriorated 
and she died in 1942, 6 years after the removal of the 
breast for carcinoma. An autopsy revealed meta- 
static adenocarcinoma in the liver, mediastinal, and 
peripancreatic lymph nodes. The metastatic cancer 
was reported as consistent with a mammary origin. 

CasE 5. M.P., a 50 year old woman, consulted the 
clinic in June, 1943, because of a lump in the left 
breast of 3 years’ duration and because of irregular 
menstrual periods of g months’ duration. Exam- 
ination revealed the right breast to be elevated, the 
nipple retracted, and ulceration at the junction of 
the nipple with the areola. Beneath the areola was 
a hard, nodular 2 by 3 centimeter mass attached to 
the overlying skin. A hard mass was palpable in the 
right axilla. Pelvic examination disclosed a mass 
posterior to the cervix which was thought to be an 
ovarian tumor. 

An aspiration biopsy of the breast mass revealed 
carcinoma; therefore a radical mastectomy was per- 
formed. The pathological diagnosis was infiltrating 
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duct carcinoma grade 3 metastatic to the axillary 


lymph nodes at all levels. She received a cycle o: 


postoperative x-ray therapy. 

Upon the completion of the x-ray therapy a diag 
nostic curettage was done. The pathological repo: 
was adenoma malignum grade 2. The patient the 
received intrauterine radium therapy. Later a si 
pracervical hysterectomy and bilateral oophore: 
tomy were performed. The pathological report w: 
corpus adenocarcinoma grade 2 and malignant end, 
salpingioma of the left ovary. 

Following all.of these procedures the patient 1 
mained in apparent good health for about 1 year. 
Then she began to have pain in the lumbar spine 


which upon roentgenographic studies was found to be 


in consequence of metastasis to the lumbar spine ani 
pelvis. She received high voltage irradiation to these 
areas with amelioration of her pain. 

About 5 months later she began to complain o/ 
pain in the knees. X-ray studies disclosed changes 
in the tibiae and lower left femur which were thought 
to resemble Paget’s disease. For confirmatory evi- 
dence an x-ray plate of the skull was taken which 
revealed evidence of the presence of extensive diffuse 
destruction. This was interpreted as carcinoma 
metastasis. Blood chemical studies gave results 
which were consistent with bone metastasis but not 
with Paget’s disease. The patient received x-ray 
therapy to the knees with subsidence of the pain. 

Three months after this episode she began to ex 
perience pain in the right mandible. Examination of 
this area disclosed a small, swollen, tender area over 
the horizontal ramus. A roentgenogram of the right 
mandible revealed a large irregular area of bone 
destruction in the anterior half of the horizontal 
ramus (Fig. 6). The mandible was irradiated and the 
pain subsided. 


Fig. 6. Case 5. Roentgenogram reveals a large irregu! 
area of bone destruction in the anterior half of the ho 
zontal ramus of the right mandible. 
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The lesion in the mandible could have been meta- 
static from any of the 3 primary lesions but on the 
basis of probability it most likely was secondary to 
that in the breast. 


The first indication of metastatic disease of 
the mandible may be pain, frequently in as- 
sociation with a loose tooth. In these in- 
stances the patient is usually seen first by the 
dentist and the tooth extracted as in the case 
reported by Burket and in our own Case 1. It 
is only later that the underlying cause is rec- 
ognized. Paresthesia on occasion may be an 
early sign of metastatic invasion of the man- 
dible. This is exemplified by our Cases 1 and 
3. Pressure on, or involvement of, the man- 
dibular nerve by the disease produces pain or 
numbness which stops sharply at the mid- 
point of the symphysis menti. 

In some instances paresthesia of the side of 
the face and of the buccal and gingival mu- 
cous membrane may persist for a long period 
ol time without any evidence of involvement 
of the mandible. This phenomenon is illus- 
trated by the following case. 

E.F. was a 43 year old woman who underwent a 
right radical mastectomy followed by x-ray therapy 
for carcinoma 3 years before consulting this clinic. 
Examination revealed no evidence of disease. Dur- 
ing the ensuing 18 months she developed metastatic 
nodules in the right chest wall and nodes in the left 
axilla. About the end of this period she began to 
experience a sensation of numbness in the skin of the 
lower right face over the mandible and in the corre- 
sponding buccal and gingival mucous membranes. 
This area of paresthesia was sharply delimited at its 
medial aspect by the symphysis menti. Roentgeno- 
graphic studies of the skull, mandible, lumbar spine, 
pelvis, and chest failed to reveal any evidence of 
metastasis. Six months later the paresthesia was un- 
changed and repeat x-ray studies of the skull and 
mandible failed to reveal any changes. The patient 
lived 7 months longer and during this period the 
paresthesia persisted without any external evidence 
of mandibular involvement. 

In some instances in which a single metas- 
tasis localizes in the mandible a number of 
years after a mastectomy for carcinoma, the 
true nature of the condition may be over- 
looked and a diagnosis made of primary man- 
dibular neoplasm. This happened in Sonn- 
tag’s patient, and the mandible was resected. 
In our Case 4 a primary malignant lesion of 
the mandible was suspected. There were no 
other foci of disease and the roentgenographic 
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appearance was suggestive of a primary neo- 
plasm. This would indicate that the roent- 
genogram may not always solve this type of 
diagnostic problem. In this connection New 
and Figi state that it is impossible to dis- 
tinguish roentgenologically many of the pri- 
mary tumors of the jaw from the metastatic 
malignant tumors. In some instances, however, 
aspiration biopsy may be of value, as in our 
Cases tand4. Bythis procedure it may be pos- 
sible to spare the patient a useless operation. 

An interesting and perplexing problem is 
presented as a consequence of the finding that 
carcinoma of the breast manifests a predilec- 
tion for certain osseous metastatic sites where- 
as other localities are relatively immune. 
Paget about 50 years ago commented on this 
saying ‘The evidence seems to me irresistible 
that in cancer of the breast the bones suffer in 
a special way which cannot be explained by 
the theory of embolism alone. Some bones 
suffer more than others; the disease has its 
seats of election.”’ The theories of metastatic 
spread attempt to explain this phenomenon. 
A few of the more important theories will be 
briefly reviewed in an endeavor to elucidate 
an explanation for the infrequent involvement 
of the mandible. 

Von Recklinghausen in 1891 was one of the 
first to suggest that malignant tumors metas- 
tasize to bone by means of the blood stream. 
According to this theory the tumor emboli 
become lodged in the marrow and develop a 
metastatic focus. His conclusion was based on 
the following observations: (1) Osseous meta- 
static lesions occur in the medullary cavity 
and reach the periosteum by direct extension. 
(2) If there is subperiosteal involvement it is 
always in the region of the large foramina 
which serve as an exit for the veins. (3) The 
cancer cells are found in definite channels 
within the marrow which he believed to be 
venous rather than lymphatic. It is suggestive 
that in 4 of the present series the lesion ap- 
peared in the horizontal ramus and in the 
fifth, the angle of the mandible was involved. 
This might be explained on the basis that he- 
matogenous cancer emboli enter the medul- 
lary cavity through the mandibular foramen. 

Handley advanced the theory that cancer is 
disseminated to bone by permeation through 
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the lymphatics. He believed that the bones 
nearest the breast, namely, the ribs and 
sternum were involved by direct extension but 
that the more distant ones were invaded by 
permeation of the cancer cells through the 
deep fascial lymphatics. Invasion of the bones 
took place at those points where they ap- 
proached the skin and were consequently 
nearest the deep fascia. In the femur this 
was at the site of the great trochanter and 
in the humerus at the site of the deltoid 
insertion. 

He explained the rarity of metastases to the 
forearm, hand, leg, and foot on the basis that 
lymphatic permeation was in general a slow 
process and that the patient died before it 
extended as far as the bones of the extremities. 
This explanation does not account for the in- 
frequency of metastatic involvement of the 
mandible because the skull, which is further 
distant from the primary lesion than the 
mandible, is not infrequently the site of met- 
astatic disease. 

Carnett and Howell, while agreeing in es- 
sence with Handley’s theory have advanced 
some important modifications. They believe 
that the humerus is invaded in most instances 
by direct permeation of the disease from the 
axillary lymph nodes which have become can- 
cerous by lymphatic emboli rather than by 
permeation along the deep fascia of the chest 
wall. According to their conception the me- 
tastases localize initially in the head of the 
humerus and glenoid process of the scapula 
rather than at the deltoid insertion as sug- 
gested by Handley. The cervical vertebrae 
and skull are involved by a process of perme- 
ation and embolism extending from the axil- 
lary lymphatics along the infraclavicular and 
supraclavicular lymphatics beneath the deep 
fascia. The lumbar vertebrae and pelvis are 
involved by direct extension from the retro- 
peritoneal lymph nodes which have become 
cancerous by permeation from the breast 
along the periaortic lymphatics. The invasion 
of the femur is by direct extension to the 
femoral head from the pelvis through the 
lymphatics of the ligamentum teres. 

In recent years Batson has demonstrated 
that it is possible for material injected into 
the peripheral venous circulation to reach the 


spine, pelvis, and skull by way of the vertebral 
veins without passing through the lungs. This 
may be the pathway in some instances oi 
metastatic spread. 

It is well established that the skull is a com- 
mon site of metastasis in breast carcinoma. 
Carnett and Howell in their series of 101 cases 
of osseous metastasis from breast carcinoma 
found the skull involved in 14 cases but men- 
tioned no instance of mandibular involvement. 
Lenz and Fried in an analysis of 81 cases en- 
countered skull involvement in 35 per cent 
and no instance of mandibular disease. If 
involvement of contiguous bones is by direct 
spread, as Carnett and Howell maintain, 
citing as an example invasion of the head of 
the femur from disease of the pelvis, then the 
mandible ought to be involved more frequently 
by direct extension from the skull. Further- 
more if involvement of the mandible is by 
direct spread from the skull it would be logical 
to expect the region of the condyles to be in- 
vaded early. It appears, however, that when 
metastatic invasion of the mandible does 
occur it may be in the horizontal rather than 
in the ascending ramus. This was demon- 
strated by 4 of our cases. 

An interesting theory has been suggested 
by Pinney. He believes that bone metastases 
are produced by blood borne emboli which 
lodge in the thin walled blood channels of the 
red marrow, and he has been able to demon- 
strate plugs of epithelial cells in this location. 
He was unable to demonstrate any lymphatics 
in bone marrow and concluded that they are 
absent. He postulates that not only must the 
cancer emboli reach the marrow but the cur 
rent here must be slow enough to allow the 
cells to lodge and grow. These conditions are 
satisfied by the red marrow which, because of 
its great vascularity, produces a widening o/ 
the blood stream bed with a consequent slow- 
ing of the current. 

The localization of bone metastases is ex- 
plained by this theory on the basis of red bone 
marrow distribution. In the infant all the 
bones contain red marrow but by the time 
adult life has been reached this has been re- 
placed by fat except in the skull, sternum, 
ribs, clavicles, scapulae, vertebrae, os innom- 
inatum, and the proximal portions of the ex- 
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tremities where red marrow continues to per- 
sist throughout life (Doan). 

Pinney ascribes the infrequency of metas- 
tasis below the elbow and knee to the absence 
of red marrow in these locations. He believes 
that bone metastasis may occur occasionally 
by way of the lymphatics but that the prin- 
cipal route is hematogenous. It is probable 
that both lymphogenous and hematogenous 
routes are essential to bone metastasis. 

Some investigative work carried out by Box 
is of interest in this connection. He examined 
numerous areas of a series of human jaws and 
in 75 per cent found only yellow marrow. In 
the remainder there were small, discrete areas 
of red marrow encountered. From his re- 
searches he concluded that even in early adult 
life the bone marrow in the average normal 
jaw is of the fatty or yellowish variety. In 
those instances in which small patches of red 
marrow were found he believed it was due to: 
(1) vestiges of original red marrow that had 
not undergone change; (2) local stimuli such as 
trauma from a tooth extraction, root canal 
filling, or gingival infection. 

This infrequency of the presence of red 
marrow in the mandible might, on the basis of 
Pinney’s theory, account for the rarity of 
metastasis to the mandible in breast carci- 
noma. The only contradictory evidence is 
furnished by Ehrhardt’s report of 65 cases of 
malignant struma with bone metastases, 30 of 
which were to the mandible. This percentage 
is so high that it suggests the possibility that 
many of these were due to direct extension 
rather than metastasis. 


SUMMARY 


1. Eleven examples of metastasis to the 
mandible from breast carcinoma were found 
reported in the literature. 


2. Five cases observed in this clinic are pre- 
sented. 

3. Various theories of metastatic spread are 
briefly reviewed in an attempt to explain the 
apparent immunity of the mandible to me- 
tastasis. 

4. The explanation is advanced that the 
mandible is infrequently involved by meta- 
static disease because of the customary ab- 
sence of red marrow. 


REFERENCES 


Batson, O. Am. J. Roentg., 1942, 48: 715. 
BATZAROFF. Quoted by Perthes, loc. cit. 
V., BROwN, J., and Womack, N. Ann. Surg., 
1928, 88: 705. 
Bium, T. Dent. Cosmos, 1931, 73: 745. 
Biumer, G. Yale M. J., 1911, 18: 153. 
Box, H. Canad. Dent. Res. Found., 1933, Bull. no. 20. 
BurkeET, L. Am. J. Orthodont., 1941, 27: 652. 
CaRnETT, J., and Howe tt, J. Ann. Surg., 1930, 91: 
811. 
Doan, C. Bone marrow. In Handbook of Hematol- 
ogy. Vol. 3. Edited by Hal Downey. New York: 
Paul B. Hoeber Inc., 1938. 
10. ERHARDT, O. Beitr. klin. chir., 1902, 35: 343. 
11. GESCHICKTER, C., and CopELAND, M. Tumors of 
Bone. Pp. 494, 554. Lancaster, Pa.: Lancaster 
Press, 1936. 

12. HANDLEY, W. Cancer of the Breast and Its Treat- 
ment. London: Published for the Middlesex Hos- 
pital Press by John Murray, 1922. 

13. Lenz, M., and FRIED, J. Ann. Surg., 1931, 93: 278. 

14. NEw, G., and Fic, F. J. Am. M. Ass., 1924, 83: 1555. 

15. PaGet, §. Lancet, Lond., 1889, 1: 571. 

10. PERTHES, G. Die Verletzungen und Krankheiten de 
Kiefer. Deut. Chir., p. 158. 33a: Stuttgart: Enke, 
1907. 

7. Pinney, A. Brit. J. Surg., 1922, 10: 235. 

18. Rocers, H., and Fio, S$. N. England J. M., 1942, 

226: 841. 
19. SCHLESINGER, H. Mitt. Ges. inn. Med. Wein., 1909, 
8: 102. 

20. SKILLEN, W. J. Am. Dent. Ass., 1930, 17: 1678. 

21. SONNTAG, E. Deut. Zschr. Chir., 1930, 223: 236. 

22. STERN, L., and SHEPARD, A. J. Am. Dent. Ass., 1941, 

28: 707. 
23. TuHoma, K. Clinical Pathology of the Jaws. P. 609. 
Baltimore: Chas. C Thomas, 1934. 

24. VON RECKLINGHAUSEN, F. Festschr. Virchow, 1891, 


| 


ral 
his 

of 
ym- 
na. 
ses 

ma 
en- 
nt. 
en- 
ent 

If 
ect 
‘in, 
of 
the 
tly 
er- 

by 

cal 

in- 
1en 
oes 
an 
on- 
ted 
ses 

ich 
the 
on- 
on. 
tics 
are 
the 
‘ur 
the 

are 
> of 
ex- 
one 
the 
ime 

re- 
1m, 
ym- 

ex- 


THE 


PELVIC FLOOR IN 


PARTURITION 


RICHARD M. H. POWER, M.Sc., M.D., C.M., F.AC.S., Montreal, Canada 


HE orderly sequence of changes in 

the structure of the pelvic floor during 

parturition has received little or in- 

adequate attention in recent publica- 
tions. A consecutive account of what happens 
in the constituent structures of the floor dur- 
ing parturition seems opportune. While text- 
books are spotty in their description of the 
structural anatomy, there is a manifest lack of 
consecutive description in the anatomical 
sequence of events, and particularly of the 
admirable structural adaptations for this 
natural event. 

The enquiring senior students, after study 
and mature reflection, frequently ask: What 
happens to the much heralded fascial struc- 
tures during delivery? How does the levator 
ani muscular diaphragm dilate? What be- 
comes of the double leafed fascial structure, 
the urogenital diaphragm? How does it open 
up when the fetal head passes through it? 


Briefly, at the moment of expulsion of the 
fetal head, the pelvic floor and the urogenital 
tract are converted into one continuous cleft 


(Figs. 1, 2, 14). At this moment, the lateral 
ligaments of the cervix uteri (Mackenrodt) are 
flattened in transverse, and elongated in ver- 
tical, section. The levator ani muscular 
diaphragm is funnelled. The urogenital dia- 
phragm, or as it is more popularly known, 
“the triangular ligament,” is opened up and 
closes again (Figs. 1 to 3, 5,6, 10, 13 to 15). The 
smooth muscle diaphragm in the base of the 
broad ligament and the sphincteric group of 
muscles at the vulval outlet are dilated spher- 
ically. The latter are converted into a short 
muscular tube with the passage of the fetal 
ovoid. 

Before these questions are answered in de- 
tail, and in order to avoid speculation, a brief 
anatomical preview of the pelvic floor is neces- 
sary. 

From the Department of Anatomy, McGill University, and the 
Departments of Gynecology and Obstetrics, St. Mary's Hospital, 


Montreal. This work was partially assisted by a grant from the 
Cooper Fund of McGill University. 


The pelvic floor is a musculofascial dia- 
phragm. Extending into it posteriorly is a 
movable bony platform, the coccyx. 

This musculofascial diaphragm is a com- 
posite structure of connective tissue, volun 
tary and smooth muscle and elastic tissue, 
arranged in five diaphragmatic layers, super- 
imposed and interwoven one upon the other 
for reciprocal support. Neither singly nor 
united do these diaphragms form a complete 
sling or hammock across the pelvic floor, as 
they are perforated centrally by three tubular 
structures, the urethra, the vagina, and the 
anal canal. These canals are arranged very 
much like tubes passing through the shutters 
of a venetian blind. Their tubular openings 
are closed by the sphincteric arrangement of 
these musculofascial floors. 

These diaphragms not only close the tubu- 
lar openings, but serve as essential supports to 
the pelvic viscera; the endopelvic fascial and 
levator ani muscular diaphragms being the 
most essential. All five diaphragms have an 
anchorage into the perineal body. They are 
set at different planes (Fig. 3) and are fixed at 
different levels to the bony canal, which latter 
resembles the “elbow of a stovepipe.”” They 
act as so many floors of support to the viscera 
—placed like shingles—one gliding over the 
other in fluid movement, arranged that they 
may be dilated to their capacity as they are 
in parturition during the conversion of the 
pelvic floor into one large hiatus previous to 
expulsion. Dilatation of these floors occurs 
from above downward, and restoration comes 
about in the reverse order following delivery, 
provided their anatomical integrity has been 
maintained. 

Trauma from childbirth is the principal 
cause of injury to the pelvic floor. Other 
causes may be congenital weakness, involu- 
tion and atrophy of fat in old age, neurogenic 
injury to the fourth sacral nerve (spina bifida). 

Following injury to any single or complete 
set of “uterine supports,” prolapse may re 
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POWER: PELVIC 
sult. This prolapse may be complete or in- 
complete, as cystocele, where the anterior 
segment is injured, or rectocele with injury to 
the posterior segment, or sacropubic hernia, 
i.ec., procidentia uteri, where anterior lateral 
and posterior segments are injured. 

From above downward in anatomical order 
these diaphragms are as follows: (1) the 
endopelvic fascial diaphragm or upper pelvic 
iascial floor, (2) the smooth muscle diaphragm 
in the base of the broad ligament, (3) the 
levator ani muscular diaphragm, (4) the 
urogenital diaphragm, and (5) the sphincteric 
group at the vulval outlet. 

While these composite structures differ in 
their development and in their function, 
nevertheless, collectively they are unique in 
their synchronous uniformity in response to 
functional demands. Their collective struc- 
tural arrangement allows for marked excur- 
sions of distention and contractility. 

Connective tissue is primarily a supportive 
structure in character. Fascia, in itself, is not 
unusually found in regions subjected to inter- 
mittent and varying degrees of tension. Usu- 
ally it is most developed where it can respond 
as a passive elastic agent which must not be 
extended beyond its quantum of elasticity. 
Smooth or striated muscle, however, having 
the property of maintaining ‘“‘tension”’ or 
“tonus”’’ can withstand tension or stretching, 
which could not be tolerated by mere fascia. 
If, however, owing to nutritional or mechani- 
cal factors, its power of maintaining a high 
tonus is lessened, then it is a much less efficient 
supporting structure than is fascia. Smooth 
muscle has the property of maintaining, with- 
in fairly narrow limits, the same tonic force 
irrespective of the degree of stretch to which it 
is subjected until the limit of its elasticity is 
reached. From then on it behaves as an 
inactive fascial tissue. These considerations, 
when applied to the arrangements of the above 
tissues, are of fundamental importance. 
Smooth muscle tissue is found precisely in 
those regions where it is necessary to permit 
considerable dilatation, contraction, or move- 
ment of organs, meanwhile maintaining some 
degree of control of the movements of these 
—_ independently and in relation to each 
other. 
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ree 

Fig. 1. Schematic representation. a, left, Structures at 

rest; b, uterovaginal canal converted into urogenital hiatus. 


It is obvious that it is necessary to have a 
mechanism to restore the normal state after a 
major dilatation, etc., of one or more of the 
organs. It is equally obvious that fascia would 
be ineffective in such contingencies. 

Dilatation of the connective tissue dia- 
phragm, to the extent of permitting the 
passage of the fetal head, demands a great 
stretching of this poorly contractile tissue, 
which of itself could not assume its original 
dimensions as it contains little, if any, elastic 
tissue. Hence Nature has interposed a smooth 
muscle diaphragm between the endopelvic 
fascia and the levator ani muscle. Loss of 
elastic recoil and diminished sphincteric action 
are supplied by the presence of interwoven 
elastic tissue and smooth muscle fibers. The 
return to the normal postpartum state is 
assisted by the closely associated smooth mus- 
cle diaphragm which has the power of great 
extensibility. The fibromuscular diaphragm 
is not necessarily injured in normal childbirth, 
Dilatation of the uterus and cervical canal will 
slacken the tautness of the fibromuscular dia- 
phragm, while return to the normal size of this 
viscus will renew the tension of the musculo- 
fascial diaphragm. By shifting of tissues and 
interplay of structures, marked excursion of 
dilatation and return to normal measures can 
take place in these associated diaphragms. 
These structural features are of great impor- 
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Fig. 2'. a, Center, structures at rest. Peripherally-L.U.S. stretched, vertically. L.L.C.U. stretched 
vertically, flattened peripherally. b, Oblique plane of L.A.M.D. converted into vertical one. c, Open- 
ing of U.G.D. indicated by arrows. d, Vertical stretching and peripheral flattening of L.L.C.U. 


tance in the struggle for adaptability of spatial 
relationships that prevail between mother and 
child during parturition. 


THE ENDOPELVIC FASCIAL DIAPHRAGM OR 
UPPER PELVIC FLOOR 


If we look at a human embryo at about the 
25th day, we find that the lower end of the 
abdomen is filled with a loose connective tissue 
through which the hind gut is passing dorsally 
and the allantois ventrally, these two struc- 
tures meeting caudally in the cloaca. The 
coelom or the body cavity extends caudally 
for a short distance between the rectum and 
the allantois in front. Between the lower 
ectoderman wall of the abdominal cavity and 
the coelom is the subperitoneal pelvic space. 
In the embryo, this subperitoneal pelvic space 
is loosely packed with “‘embryonal connective 
tissue’? and surrounds the as yet undifferenti- 
ated viscera. It really represents the as yet 
unseparated somatopleure and splanchopleure, 
the body cavity not having yet extended into 
this region to make a clear division between 
these two tissues. This tissue of course arises 
from the mesoderm and more especially from 
the mesenchyme of the middle germ layer. 

In a 2 months’ fetus (Fig. 4-31 mm. C.R.L.) 
a definite central condensation of mesoderm 

‘Abbreviations throughout mean: L.L.C.U., lateral ligaments of the 
cervix uteri; A.M.L., levator ani muscular diaphragm; U.G.D., 
urogenital diaphragm; F.S., frontal section; U.S.F., uterosacral fibers; 


C.R., cervicorectal fibers; D., decussation fibers; B.L., broad ligament 
fibers; C.V., cervicovesical fibers; C.P., cervicopubic fibers. 


spans the fetal pelvis transversely enmeshing 
the lower third of the descending muellerian 
ducts. Their caudal extremity is thereby 
pulled caudally and medially, thus helping in 
their junction. This transverse mesodermal 
condensation is known as the “transverse 
mesodermal bar” by Fraser. In transverse 
section it can be seen to fan out into anterior, 
lateral, and posterior segments. In frontal 
section, it sends a caudal prolongation divid- 
ing the allantois from the rectum; thus sepa- 
rating the cloaca into the urogenital sinus 
anteriorly and the rectum posteriorly. This 
descending fascial prolongation terminates in 
the perineal body. At this stage, it is known 
as the urorectal septum. The anterior coronal 
segment is the anlagen of the cervicovesical 
fascia; the lateral condensation, the lateral 
ligaments of the cervix uteri (Mackenrodt); 
the posterior projection, the uterosacral liga- 
ments; the caudal projection the rectovaginal 
septum. Thus the “transverse mesodermal 
bar” is the anlagen of the upper pelvic fascial 
floor. 

In an eight month fetus the lateral ligaments 
of the cervix uteri (Mackenrodt) fuse with, 
and cover, the perimesium of the levator ani 
muscle and attaches solidly to the lateral 
vaginal walls. 

In an adult multipara the endopelvic fascia 
reaches its greatest functional development, 
spanning the pelvis like a hammock, trans- 
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versely from levator ani white line to levator 
ani white line, and anteroposteriorly from the 
symphysis pubis to the 2nd and 3rd sacral 
vertebrae, interrupted centrally by the ure- 
thra, cervix and vagina, and the rectum, the 
supravaginal cervix being the central pivotal 
attachment. A definite fascial fibrous capsule 
is present attached to the anterolateral and 
posterior supravaginal cervix (Fig. 5). This 
capsule is so arranged as to correspond to the 
functional demands of parturition and to the 
prerequisites of gynecology. 

The physiological response to functional 
demands is greatest in parturition. Synchro- 
nously with the unfolding of the lower uterine 
segment a corresponding hypertrophy and 
hyperplasia of the endoplevic fascial struc- 
tures takes place. 

In the adult female topographically in coronal 
section the endopelvic fascia forms a diaphragm 
divided into anterior, lateral, and posterior 
segments. The anterior segment represents a 
platform situated beneath the bladder. Its 
fibers extend from the supravaginal fascial 
collar anteriorly to the symphysis pubis and to 
the anterior part of the levator ani white line. 
The lateral segment or condensation is known 
as the lateral ligament of the cervix uteri 
(Mackenrodt) and extends from the lateral 
margin of the supravaginal fascial collar to the 
levator ani white line. This is a well defined 
fascial ligamentous connective tissue capsule 
in the form of an inverted U (Fig. 6). It is 
attached to the anterior, superior, and poster- 
ior marginal walls of the supravaginal cervix. 
Laterally and inferiorly, this capsule is at- 
tached to the levator ani white line and to the 
levator ani fascia. It has anterior, superior, 
and posterior surfaces. 

The superior surface presents large veins on 
its posterior aspect, while anteriorly the uter- 
ine artery is an individual entity, coursing 
above the fascial surface and marking the line 
of cleavage between this surface and the vesical 
fascia. Toward the lateral aspect, a reef of 
fascia extends obliquely from the posterior to 
the anterior leaf of the broad ligament above 
the capsule, deflecting the ureter in its lateral 
position. 

At the extreme lateral aspect of this surface, 
the uterine artery crosses the ureter at a right 


Fig. 3. Schematic representation of the various struc- 
tures forming the pelvic floor. The lateral and posterior 
cervical ligaments L.L.C.U. (Mackenrodt), U.S.L., levator 
ani muscle, urogenital diaphragm, sphincteric group. 


angle. The ureter traverses the anterior mar- 
gin of the surface in a preformed fascial groove 
(Figs. 5, 6, 7). 

The anterior surface is the smallest of the 
three surfaces, because the levator ani muscle 
rises sharply in this region. ‘The upper part of 
this surface fuses with the uterovaginal fascia 
giving the latter a wider “fixation span,” 
while the lower part is attached to the fascia 
of the lateral vaginal wall. Caudally and 
laterally this surface is attached to the levator 
ani fascia. 

The posterior surface is the largest of the 
three surface areas. It blends with the levator 
ani fascia. A foramen or gap is present between 
the ligament and the fascial fibers passing up 
from the levator to the vaginal fascia. A tri- 
angular space exists between the three sur- 
faces (Figs. 3, 5,6). The base of the triangular 
space faces caudally and laterally, being formed 
by the cranial fascia of the levator ani muscle. 
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In the normal adult this cavity contains areo- 
lar tissue and unstriped muscle. Smooth 
muscle fibers extending from the upper third 
of the vaginal wall are attached to the inferior 
aspect of the superior and posterior surfaces of 
the ligament (Fig. 8). 

The posterior segment is the largest of the 
three areas, and its fascia the most attenuated 
because of the passage of the rectum. The most 
condensed fibers extend from the posterior 
inferior aspect of the supravaginal fascial col- 
lar, and terminate in the second and third 
sacral vertebrae. These fibers are known as the 
uterosacral ligaments. That space behind the 
cervix, bounded by the utersacral ligaments 
laterally and the rectum posteriorly is known 
as the pouch of Douglas (Fig. 5). This is the 
bottom of the abdominal cavity; here the 
fascial diaphragm is thinnest. In frontal 
section, descending caudally from the posterior 
margin of the supravaginal collar is a tongue- 
like reef of fascia extending between the poste- 
rior vaginal wall and the anterior rectal wall 
and terminating in the perineal body. This 
caudal prolongation is known as the recto- 
vaginal septum. 


THE SMOOTH MUSCLE DIAPHRAGM 


During the last 3 months of fetal life, 
smooth muscle tissue exists in definite masses 
in the subperitoneal pelvic space. The arrange- 
ment of the tissue is identical with that in the 
adult, except that it is much less massive and 
the direction of the bands varies because of the 
difference between the positions of the pelvic 
organs in fetal and adult life. The smooth 
muscle tissue is not confined only to the areas 
immediately surrounding blood vessels and 
nerves. Most of it is made up of strands 
entirely independent of these structures. 
When they are reconstructed and viewed from 
the superior aspect, the direction of the fibers 
leads one to consider the tissue as an imperfect 
* diaphragm” of smooth muscle converging on 
the uterine cervix. 

In the adult an imperfect smooth muscle 
diaphragm is present and embedded in fibrous 
tissue, lying between the endopelvic fascial 
diaphragm and the superior surface of the 
levator ani muscle. The smooth muscle bun- 
dles which constitute this diaphragm radiate 


from the uterus at the level of the internal os. 
The peripheral attachment of these bundles 
enables the tissue to be divided into three 
groups of fibers, anterior, lateral, and pos- 
terior groups. 

The anterior fibers arise from the anterior 
and the anterolateral aspect of the cervix and 
are attached (a) to the posterior aspect of the 
os pubis, either directly or through the inter- 
mediary of fibrous bands, and (b) into the 
muscular coat of the bladder. The muscle 
fibers which make up this group can be sub- 
divided into the following bundles: (a) the 
cervicovesical, (b) the cervicopubic, (c) the 
vesicovaginal, and (d) cervicovaginal (Fig. 9). 

The lateral group The lateral group (which 
is identical with the lateral ligament of the 
cervix uteri—Mackenrodt) arises similarly 
from the lateral aspect of the cervix. They 
diverge and form a. flattened fan of fibers 
which is attached by means of fibrous strands 
to the ‘‘arcus tendineus.”’ This group is sub- 
divided into an upper and lower bundle. From 
this group, slightly below level of internal 
os, fibers pass to the lateral vaginal fornix. 

The posterior group The posterior group, 
also arising from the cervix, enters into the 
composition of the uterosacral ligaments or 
finds insertion into the rectal walls and recto- 
vaginal septum. This group is subdivided as 
follows: (a) uterosacral fibers, (b) rectal fibers, 
(c) posterior vaginal fornix fibers, and (d) 
rectovaginal septum fibers. 

Besides these distinctive strands enumer- 
ated, short fibers, like a fine platysma muscle. 
enter the anterior and posterior peritoneal! 
layers of the broad ligament, from the cor- 
responding uterine surfaces and end deep in 
the endothelium. 

Dilatation of the connective tissue dia- 
phragm, to the extent of permitting the 
passage of the fetal head, demands a great 
stretching of this poorly contractile tissue. 
which of itself could not assume its origina! 
dimensions as it contains little, if any, elastic 
tissue. The return to the normal postpartum 
state is assisted by the closely associated 
smooth muscle diaphragm which has _ the 
power of greater extensibility. The fibro 
muscular diaphragm is not necessarily in- 
jured in normal childbirth. Dilatation of the 
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Vig. 4. (Fetus 31 mm. C.R.L.) Urogenital sinus in front. 
Transversus mesodermal bar containing the united mul- 
lerian ducts in the center and wolffian ducts on either side. 


uterus and cervical canal will slacken the 
tautness of the fibromuscular diaphragm, 
while return to the normal size of this viscus 
will renew the tension of the musculofascial 
diaphragm. 


THE LEVATOR ANI MUSCULAR DIAPHRAGM 


This “ununiform’” muscular plane spans 
the pelvis obliquely, stretching anteroposteri- 
orly from the symphysis pubis to the sacrum 
and coccyx. Laterally from the levator ani 
white line, extending medially and caudally 
to the external sphincter of the anus, to the 
anococcygeal raphe, the sacrum, and coccyx. 

The general sloping trend of the fibers 
medially and caudally give this muscle a 
somewhat ‘“‘cup-shaped” appearance, with a 
trough-like exit beneath the symphysis pubis 
~—where the medial arms of the pubococcygeal 


Fig. 5. Viewed from above. Showing the three surfaces 
of the lateral ligament. Like looking at the side of a funnel. 


segment enclose two clefts. An anterior one, 
the urethrovaginal, and an anal one, posterior 
to the perineal body. While the origin of this 
diaphragm is fixed to bone, particularly its 
anterior and posterior segments, its insertion 
is mobile, the significance of this fact increases 
with parturition. 

From an obstetrical viewpoint the levator 
ani muscular diaphragm on each side consists 
of three segments—an anterior or pubococ- 
cygeal, a middle or iliococcygeal, and a pos- 
terior or ischiococcygeal. These bifurcated 
muscles take an extensive origin from bone 
and fascia. 

The anterior segment consists of the pubo- 
coccygeus muscle, by far the most important 
of the three segments. It forms the largest, 
strongest, thickest, and most important part 
of the pelvic floor. Its fibers have a bony ori- 
gin from the posterior wall of the symphysis 
pubis beneath the levator ani white line; and 
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and are inserted into the ‘central point” © 


the perineum with firm attachment to th d 

cranial leaf of the urogenital diaphragm i1 

These fibers constitute the ‘“‘pubovaginalis. 

A thin bundle is confluent with the urethral. e 

muscle. 

The intermediate fibers resemble a hors bh 

shoe attached by its anterior extremities t» a 

the pubis and encircling the rectum behinc, 

forming a U loop around the anorectal jun 7 

tion. These fibers constitute the puborectal is 

or sling muscle, which slings the anal canal up i} 

aaa to the symphysis pubis. Some fibers from it 
eons this bundle insert into the anococcygeal raphe. 

> yg 0} 

AD _ The most lateral fibers have a Y shaped 

insertion into the anococcygeal raphe—the 

\ margins and ventral surface of the coccyx. 

This muscle forms a sphincter for the vagina , it 

and anal canal, and also increases the ano- FP jy 


Fig. 6. Semidiagrammatic representation of pelvic floor rectal angulation. It gives off accessory fibers 
with right lateral cervical ligament show n in position. to the urethralis muscle. which act as an ac- 
(On the left side the fascia has been removed to show the - y 
underlying muscles.) At the lateral end of this ligament the © C@SSOTY sphincter of the urethra. 


al 

uterine artery can be seen crossing the ureter. At the n 
medial end of the ligament the inverted U-shaped outline 
is well shown. The small insert shows the ligament from 

behind. Note the hiatus at the lower border of the poste re 

rior surface. in 

j j ra 
from the arcus tendineus in front of the obtu- 
rator canal. From this origin its fibers sweep 
backward as three distinct bands, the most 
medial fibers form a U loop around the vagina 

Fig. 8. Dissection. Seen directly from above. Late: 

Vig. 7. Dissection. Lateral ligament of cervix uteri — cervical ligament (Mackenrodt). Uterus and uterine arte di; 

(Mackenrodt) viewed from above presenting superior sur- detlected posteriorly. Ureter in position. 7, Superior st rec 

face. (Probe under ureter.) face; 2, smooth muscle fibers; 3, cervicovesical junctic til 
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The iliococcygeus lies posterior to, and on a 
j-eper plane than, the pubococcygeus. View- 
ing the pelvic floor from above (Figs. 3, 5, 6, 

) actually it is more superficial. It is attach- 

to the arcus tendineus behind the obturator 

nal and is inserted into the anococcygeal 
ly and into the margins of the coccyx, later- 
and caudal to the fibers of the pubococcy- 
is. Occasionally this muscle retains its 
mitive origin from the pelvic brim. In 
ver animals it has a flat tendinous origin 

m the iliopectineal line. Since it has lost 

original purpose in man it is poorly devel- 

‘d, and has slipped lower down on the pelvic 

i. Its fascial point of attachment has be- 

ne elongated, therefore, so that the fibers 

rigin of the muscle do not, except in a few 
tances, extend to such a degree as the ilio- 
tineal line. 

{n most cases in the dissecting room, muscle 

‘rs can be demonstrated only at a consider- 

e distance from the point of origin of this 

iscle. 

[he elongated and thinned out “aponeu- 
rosis”’ of the iliococcygeus muscle is seen to be 
intimately fused with the sheath of the obtu- 
rator internus muscle. 


. 


lig. 9. Schematic transverse section of smooth muscle 
diaphragm. U.S.F., Uterosacral fibers; C.R., cervico- 
rectal fibers; D., decussation fibers; B.L., broad ligament 
fibers;C.V., cervico vesical fibers; C.P., cervicopubic fibers. 


PELVIC FLOOR IN: PARTURITION 


Vig. 10. Semidiagrammatic mesial section of pelvis, 
showing the mutual relationships of the components of the 
pelvic diaphragm. Notice especially the upper and lower 
leaves of the urogenital diaphragm. 


The fusion of the remains of the aponeurosis 
of the iliococcygeus with the fascial covering 
of the obturator internus muscle forms a com- 
posite sheath of fascia, the so called obturator 


fascia. The line of fusion between these two 
fasciae is of considerable clinical importance, 
in that it defines the upper limit of the ischio- 
rectal fossa. 

The so called “white line’ does not accu- 
rately indicate the upper limit of the iliococey- 
geus muscle but rather an arrangement of its 
fascial investment. This fascia is subject to 
tension between two fixed points and has be- 
come condensed. In this instance the fascial 
fibers of the sheath of the levator ani form a 
narrow band popularly referred to as the 
“levator ani white line,” which extends from 
its point of attachment on the posterior aspect 
of the pubis to the spine of the ischium. The 
white line, therefore, appears to cross the 
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SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 11. Schematic representation of the sphincteric 
muscular group of the pelvic floor. 


pubococcygeus muscle because unlike the ilio- 
coceygeus, the former has not descended. The 
white line in some cases is found separated by 
some little distance from the pelvic wall and 
when this is so a pouch—the “hiatus of Sch- 
walbe"’—tilled with fat,exists between the two. 

The D shaped opening of the anus, previous 
to expulsion of the fetal head, is due to ex- 
tension of the fibers of the puborectalis and 
iliococeygeus which are inserted into the ano- 
coceygeal raphe. 

The ischiococcygeus with the piriformis 
forms the muscular upholstery which closes 
the posterior part of the pelvic outlet. Pos- 
teriorly and caudally it is reinforced by the 
sacrotuberous ligament (great  sacrosciatic 
ligament). This triangular muscle is set at 
almost a right angular plane to the iliococcy- 
geus. It arises from the apex of the ischial 
spine and is inserted fan-shapedwise into the 
lateral border of the sacrum and into the 
lateral margins of the coccygeal bodies, con- 
jointly with the iliococcygeus muscle. 

The individual muscle sections of the pelvic 
diaphragm do not by any means form a uni- 
form sheath in one plane, but overlap one 
another posteriorly where they join and inter- 
digitate with the muscle fibers of the other 


side. By this means the part of the diaphrag) 
posterior to the rectum is clearly strengthene: . 
Mor phology. In pronograde animals the: 
are three caudal muscles; the pubococcygeu , 
arising from the body of the pubis, the ili - 
coccygeus arising from the pelvic brim, bot) 
of which are tail depressors, and the ischi.- 
coccygeus, a lateral flexor of the tail arisiry 
from the ischial spine. With the disappeay- 
ance of the tail in man and the assumption «f 
the upright position, the tail muscles take over 
new duties and form a pelvic floor for the 
support of the pelvic viscera. The pubo- 
coccygeus and the ischiococcygeus muscles rv- 
tain their primitive origins, but the iliococ- 
cygeus loses its attachment to the pelvic brim 
and gains a new attachment to the lateral 
pelvic wall at the arcus tendineus. While the 
caudal muscles gain extensive new insertions 
into the pelvic floor, they still retain their 
original insertion into the coccyx, which is the 
rudimentary tail. Thus, while the levator ani 
muscular diaphragm contributes to the sup- 
port of the viscera, the muscles which consti- 
tute it are derived from the flexors and ab- 
ductors of caudal end of vertebral column. 


THE UROGENITAL DIAPHRAGM 


The urogenital diaphragm is a relatively 
inelastic double-leafed fascial envelope, ex- 
tending between the ascending pubic rami and 
beneath the subpubic arch, to whose margins 
it is firmly attached (Figs. 3, 10, 13 to 18). It 
closes over the perineal triangle, while its so 
called free margin extends between the ischial 
tuberosities, demarcating the posterior boun«- 
ary line of the perineal triangle. It is perfo- 
rated by the dorsal vein of the clitoris, the 
urethra, and vagina. It contains the pudend:! 
vessels and nerves and the membraneous 
urethra, the sphincter urethrae and _ tran-- 
versus perinei profundus muscles. This latt 
muscle is supportive to the vaginal wall. 

The pubococcygeal segment of the levat 
ani muscle plays on its cranial fascia in 
which fibers of this muscle find a firm attac :- 
ment. Thus the integrity of this fascial k 
prevents within certain limits the separati: : 
of the pubococcygeal segment. The wedg - 
shaped, anteriorly directed diverticulum 
the ischiorectal fossa extends between t 
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POWER: PELVIC FLOOR IN PARTURITION 


a b 


Fig. 12. (Silhouettes) a, Android inlet; b, midpelvic plane, round; c, level of ischial spines and plane of 
pelvic floor, spheroidal. 


pubococcygeus muscle and its cranial fascia. 
Its caudal fascia gives attachment to the 
sphincteric vulval musculature. With the 
body in the erect position, the urogenital 
diaphragm, like the os pubis and its rami, is 
in a horizontal plane, so that support of the 
pelvic viscera falls upon these structures. 


THE SPHINCTERIC MUSCULAR DIAPHRAGM 


While this group offers some supportive 
action it is primarily sphincteric in contra- 
distinction to the levator ani muscular dia- 
phragm which is primarily supportive and 
only secondarily sphincteric to the pelvic 
viscera. It forms sphincters for the openings 
of the canals which perforate the pelvic floor 
to reach the exterior. It is derived from the 
primitive sphincter cloacae, a primitive mus- 
cular ring surrounding the cloaca, which is 
partly attached to the bones at the pelvic 
outlet. 


During the course of the development of 
the genitourinary organs a cloacal aperture 
exists till about the 5th week, and a sphincter 
muscle is arranged about it—the primitive 
sphincter cloacae. About this time a caudal 
prolongation of the transverse mesodermal 
bar takes place dividing the cloaca into two 
parts, a dorsal or anal, and a ventral or uro- 
genital, and coincident with this change the 
sphincter cloacae becomes divided into dorsal 
and ventral divisions, the former surrounding 
the anal aperture and constituting the 
sphincter ani externus, the ventral surrounding 
the urogenital sinus. It is from the urogenital 
division that the bulbocavernosus, the ischio- 
cavernosus, the transversus perinei and the 
sphincter urethralis muscles develop (Fig. 11). 


ACCESSORY STRUCTURES 


Perineal body. The perineal body or central 
tendon of the perineum is a triangular wedge 
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SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 13. F.S. Internal rotation completed. Levator ani 
muscular diaphragm funnelled. Head in axis of pelvic out- 
let. Urogenital diaphragm opening. Upper leaf being 
pulled upward by dilatation of vagina and pubococcygeal 
segment. Lower leaf being pushed downward by descend- 
ing head. Coiffure of hair indicating direction of rotation. 


of tissue whose base is represented by the skin 
surface existing between the posterior com- 
missure of the vagina and the anterior margin 
of the anus. Its apex is demarcated by the 
line of juxtaposition of the posterior vaginal 
wall and the anterior rectal wall. It is made 
up of fat, connective tissue, voluntary and 
smooth muscle fibers. Laterally it receives 
fascial lamella from the perivaginal and peri- 
rectal fascia. The lamellar layer of the recto- 
vaginal septum extending from the supra- 
vaginal cervix serves as a veil suspending its 
apex. This structure is analogous to the hub 
of a wheel or the ring of a parachute, into 
which is inserted each one of the diaphragms 
constituting the pelvic floor. It has been pop- 
ularly called the tendo achillis of the per- 
ineum. The perineal body is the “keystone” 
of support to each of the various diaphragms 
constituting the pelvic floor. Injury to the 
perineal body is reflected in each of these 
structures. The baby has to come down the 


Fig. 14. F.S. Uterovaginal canal converted into one 
continuous hiatus. Lateral ligaments of the cervix uteri 
flattened peripherally and stretched vertically to their 
maximum. Levator ani muscular diaphragm changed to 
vertical plane. Urogenital diaphragm widely opened. Ex 
ternal rotation completed. 


uterovaginal canal to make its exit. The vulva 
at the anterior end contains the bony undis- 
tensible platform. However, the symphysis 
pubis opens slightly and the coccyx is dis- 
placed downward and backward. The visceral! 
structures with their fascial attachments move 
upward, the muscular segment, the levator 
ani moves downward and backward and both 
segments are canalized. The pelvic floor has 
to be opened and closed; to be opened, it is 
displaced backward and downward. If it is 
damaged, it cannot be completely closed. A 
torn and damaged perineal body is going to 
prevent return to integrity. 

Gluteus maximus muscle. The levator ani mus- 
cular diaphragm receives support from the 
two gluteus maximus muscles. These muscles 
are a source of strength capable of presenting 
great counterpressure to the powerful muscles 
of the ventral wall and the respiratory dia- 
phragm. The lower medial fibers of the mus- 
cles pass downward and backward from the 
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POWER: PELVIC FLOOR IN PARTURITION 


lig. 15. F.S. Baby expelled. Lower uterine segment 
fibers regaining contractility and its canal diminishing in 
volume. Lateral ligaments of the cervix uteri assuming 
axial arrangement. Levator ani muscular diaphragm fibers 
regaining oblique plane. Urogenital diaphragm closing. 


coccyx, separated from each other by an angle 
of 30 degrees and connected by tough, inter- 
vening connective tissue. They underlie each 
ischiorectal fossa and support the pelvic dia- 
phragm very powerfully through the pad of 
fat which fills these fossae. The fat pad in the 
ischiorectal fossa is made up of small masses 
of fat with powerful strings of connective 
tissue fibers intervening with one another and 
connected with the walls of the fossa, with the 
perimysium externum of the internal obtura- 
tor and gluteus maximus muscles and with the 
caudal fascia of the urogenital diaphragm, 
which limits the ischiorectal fossa anteriorly. 
The fat pad lies under the levator ani muscular 
diaphragm throughout its extent and so forms 
a cushionlike support which, though soft and 
pliable, transmits to the levator ani muscular 
diaphragm all the strength and security given 
it by the gluteus maximus muscles and the 
powerful urogenital diaphragm. These offer 
real strength and support to the levator ani 


Fig. 16. F.S. Restitution. Placenta expelled. Cervix 
withdrawn cranially to level of ischial spines. Lateral 
ligaments of the cervix uteri in normal axial pregravid 
plane. Levator ani muscular diaphragm in oblique plane. 
Urogenital diaphragm closed. 


muscular diaphragm. The fat pad is continu- 
ous with the fat of the adjacent superficial 
fascia. The superficial fat of perineum and the 
apposition of medial aspects of the thighs 
also act as accessory, supportive structures. 


THE COURSE OF PARTURITION 


The bony pelvis is a funnel-shaped bony 
cage with a bend resembling the elbow of a 
stovepipe. Its gently sloping walls and mus- 
cular upholstery offer deflecting surfaces to 


the fetal head during parturition. It pos- 
sesses a bore, similar to that of a turbine, or 
rifle—the fetus representing the bullet which, 
passing through, must make certain turns in 
order toaccommodate itself tothe unequal bore 
of the pelvis. 

Previous to the onset of labor the fetal head 
rides at ease in the “military position” above 
the obstetrical inlet, the posterior quadrant 
of which passes through the body of the first 
sacral vertebra, the longitudinal axis of the 
fetal ovoid being parallel with the vertebral 
column of the mother (Figs. 17, 18). 

With labor established,the fetal head is first 
“‘jockeyed” into one of the oblique diameters 
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Fig. 17. F.S. Schematic frontal section slightly anterior 
to bisected anteroposterior diameter of pelvic inlet. Labor 
established. Head “‘centered” in axis of inlet. Membranes 
intact. Lower uterine segment unfolding. External os 
dilating. Lateral ligaments of the cervix uteri flattening 
peripherally and elongating vertically. Levator ani mus- 
cular diaphragm receiving pressure from the fetal head. 
Urogenital diaphragm intact. 


of the pelvic inlet, usually the right, this being 
the relatively larger of the two diameters, its 
sagittal suture passing from the oblique to the 
transverse diameter of the obstetrical inlet. 
The passenger is then propelled along the 
road of birth, the axis of which is backward 
and downward to the ischial spines (Figs. 12c, 
19) the area of least dimensions, which is also 
the plane of origin of the pelvic floor; then 
forward and slightly upward through the 
pelvic outlet. The bore of the road of birth 
causes the passenger to make three turns 
during its voyage, one at the inlet, a second at 
the ischial spines (internal rotation), and a 
third (external rotation) which is on the bal- 
cony of soft parts beyond the bony pelvis 
(Figs. 12, 14). 

When the descending head strikes the pelvic 
floor, the muscular segments react by in- 
creased oscillations, thus temporarily assum- 
ing a horizontal plane. When the muscular 


OBSTETRICS 


Fig. 18. F.S. Lower uterine segment further unfolded. 
Membranes bulging. External os further dilated. Peri- 
pheral and vertical stretching of the lateral ligaments of the 
cervix uteri. Levator ani muscular diaphragm being 
funnelled. Vaginal fornices pulled upward. Urogenital 
diaphragm intact. 


resistance is overcome, a vertical plane is 
assumed and the levator ani muscle is said 
to be “funnelled.”’ 

The levator ani muscular segments are fun- 
nelled from behind forward. The ischio- 
coccygeus is the first to receive the impact o/ 
the fetal head, but the head is preceded by 
the membranes filled with fluid forming a 
wedge whose narrow lower end slips into the 
vagina and really transfers most of the pres- 
sure onto the front of the pubococcygeus just 
where it passes into the perineal body. Thus 
the anococcygeal raphe is pushed down at its 
anterior end until it becomes ventral, and the 
ischiococcygeus, which is set at almost a right 
angular plane to the iliococcygeus, assumes « 
vertical plane and acts as a deflecting surface 
to the descending head. With the propelling 
force of the contracting upper uterine seg 
ment, the head is deflected downward and 
forward onto the fibers of the iliococcygeus 
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POWER: PELVIC FLOOR IN PARTURITION 


lig. 19. F.S.. Membranes ruptured. Descent of head to 
ischial spines. Sagittal suture is in oblique plane. Further 
flattening and stretching of the lateral ligaments of the 
cervix uteri. Fibers of the levator ani muscular diaphragm 
changing from oblique to vertical direction. Pull being 
exerted on upper leaf of the urogenital diaphragm. 


muscle. 


The fibers of this muscle slope 
medially and caudally; their resistance is soon 
overcome and the head is then shunted on to 
the pubococcygeal segment, which is stretched 


anteroposteriorly and peripherally. As the 
peripheral dilatation of its fibers takes place, 
the urogenital diaphragm is opened. The ad- 
jacent cranial leaf of the urogenital diaphragm 
turns upward on the sides of the vagina and 
has attached to it the fibers of the pubo- 
coccygeal muscle. Thus, as the vagina dilates 
and the pubococcygeus is dilated peripherally 
the cranial leaf of the diaphragm is pulled 
upward. The caudal diaphragmatic leaf is 
pushed downward as the head is propelled 
along the axis of the pelvic outlet (Figs. 10, 
13, 14). The transversus perineii profundus 
muscle is flattened peripherally and stretched 
vertically, its fibers being dispersed between 
the upper and lower fascial leaves. The 
rectovaginal septal fibers are stretched peri- 
pherally and longitudinally. This septum can 


lig. 20. a, Transverse section of cervix and supravaginal 
fascia. Center, cervix. Cervix represented by light wavy 
lines. Fascial collar by heavy dark lines. b, Frontal sec- 
tion. Effaced lower uterine segment and adjacent elon- 
gated fascia in vertical plane. Peripherally dilated in 
transverse plane. c, Sagittal section. Center, cervix and 
lateral ligament of the cervix uteri at rest. Periphery, in 
dilatation. d, Action. Diagram illustrating flattening and 
elongation of lateral ligaments of the cervix uteri. These 
ligaments flatten peripherally with dilatation of the lower 
uterine segment and elongate with its vertical stretching. 


sometimes be seen being pushed in front of the 
descending head, if stretched beyond its elas- 
tic capacity, this structure tears, either ver- 
tically or transversely, severing its continuity 
with the perineal body. 

As the sphincteric group of muscles are 
dilated they are converted into a_ short 
muscular tube along the axis of the pelvic 
outlet. Their stretched fibers extend beyond 
the bony framework. When the biparietal 
diameter of the fetal head reaches the trans- 
verse diameter of the pelvic outlet, the peri- 
neum bulges for a distance of 1.5 to 2 inches. 
Coincident with this bulging, or “crowning,” 
the coccyx and anococcygeal raphe are being 
displaced downward and backward. The 
posterior fibers of the external sphincter, 
which are attached to the anococcygeal raphe, . 
are stretched and pull the anus open in a 
D-shaped fashion. At this moment the utero- 
vaginal canal is converted into one continuous 
hiatus (Figs. 1, 14). The lateral ligaments of 
the cervix uteri are flattened peripherally and 
stretched vertically. The smooth muscle 
diaphragm is dilated spherically and the leva- 
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tor ani muscular diaphragm changed from an 
oblique to a vertical plane. The urogenital 
diaphragm is opened and the sphincteric dia- 
phragm dilated spherically, followed by dila- 
tation of Colles’ fascia and the skin surface. 

While the lower uterine segment starts to 
unfold at the fourth month of intrauterine 
life, it is only fully developed as a mechanical 
product of labor. Synchronously with the 
unfolding of the lower uterine segment, a 
hypertrophy and a hyperplasia of the supra- 
cervical fascial collar takes place. As the 
lower uterine segment widens and elongates, 
the fascial collar correspondingly follows it. 
With the establishment of labor the lateral 
ligaments of the cervix uteri have grown and 
stretched considerably in size so that, meta- 
phorically, they may be likened to the stretch- 
ing of a rubber to that of a rubber boot. At 
the moment of expulsion of the fetal head, the 
uterovaginal canal is converted into one 
continuous hiatus, the lateral ligaments of the 
cervix uteri are flattened peripherally and 
elongated vertically. When the baby is ex- 
pelled, the lower uterine segment regains its 
contractility and its calibre is diminished with 
a corresponding contractility and reduction 
in size of the stretched endopelvic fascial 
structures. The lateral ligaments of the 
cervix uteri contract in their vertical length 
and regain their axial arrangement in the 
horizontal plane (Fig. 15). 

With the expulsion of the placenta, the 
caliber of the lower uterine segment is further 
reduced. The cervix rises to the ischial spines. 
The lateral ligaments of the cervix uteri as- 
sume their pregravid axial arrangement (Fig. 
16). The anterior and posterior fundal walls 
are in apposition, being separated only by 
filamentous bands of fibrin and blood clot. 
Further involution follows provided the ana- 
tomical integrity of the supporting pelvic 
structures has been maintained. The fascial 
diaphragm is likewise favorably affected by 
involution or unfavorably affected by sub- 
involution. Trauma or infection of the 
isthmicocervical canal will likewise affect 
the adjacent fascial supports. Should the 
fascial and levator ani muscular diaphragms 
be traumatized and unrepaired, prolapse will 
inevitably follow. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


THE CLINICAL SIGNIFICANCE OF THE PELVIC 


FASCIA IN OBSTETRICS 

The endopelvic fascia—as an extensive fixa- 
tion apparatus moors the uterus to the levator 
ani white line and to the pelvic floor. 

The lower uterine segment and its fascial 
supports represent an active force in determin- 
ing the axis along which the fetal head must 
descend through the pelvis. 

The fascial attachments of the lower pole of 
the uterus influence the fetal ovoid in its descent 
through the pelvis. 

The fascial supports of the uterus have 
received many names. Among others, the 
following designated titles have been applied: 
the parametrium (Virchow), the cardinal 
ligaments (Kock), the vascular sheath 
(Charpy), the hypogastric sheath (Pierre 
Delbet), the uteroiliac process (Savage), 
ligamentum lata, tunica vasorum uteri (Merk- 
el), ligamentum transversale colli (Macken- 
rodt), the sustentacular apparatus (Bonney), 
the lateral cervicopelvic ligaments, the upper 
pelvic floor (Polls). 

The anglicized version, namely, “‘the lateral 
ligament of the cervix uteri:’ is a more mean- 
ingful and purposeful terminology, and in 
keeping with the principles accepted at Basle, 
in 1895, by the Anatomical Society. 

Because of its fixation to the elastic levator 
ani white line laterally, and to the supravag- 
inal cervix medially, with the formation of the 
lower uterine segment this fascial diaphragm 
hugs the lower uterine segment, and is elon- 
gated in a cranial direction assuming some- 
what the topographical outline of an inverted 
expanding funnel or inverted Medici collar. 
Its weakest point is posteriorly between the 
uterosacral ligaments where the fascial collar 
is thinnest. Metaphorically, it may be said 
to be stretched from the “size of a rubber to 
that of a rubber-boot.”’ 

The lower uterine segment is formed from 
the body of the uterus, the isthmus and cervix. 
In full development it is a mechanical product 
of labor, being the passive or accordionated 
portion of the cervicouterine canal. The con- 
traction ring not only marks the line of de- 
marcation between the contractile part of the 
uterus and the lower uterine segment but also 
delineates the cranial attachment of the 
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fascial aponeurosis to the lower uterine seg- 
ment. Beneath the line of attachment of this 
fascial ring the passive lower uterine segment 
has great freedom of movement. When fully 
developed the lower uterine segment may 
become as thin as a “gold leaf” and of 
itself could offer little guidance to the lower 
presenting fetal pole, in its passage through 
the pelvic axis. However, because of the inti- 
mate attachment of this durable stretched 
sail-like fascia to the lower uterine segment, 
the lower uterine segment and its juxtaposed 
fascia ‘‘conjointly”’ play an important physio- 
logical réle in guiding the fetal pole into and 
through the pelvic axis during parturition. 

At the brim of the pelvis it may tilt the 
child’s head toward the symphysis pubis in 
the fore-pelvis, or carry it backward toward the 
center of the pelvis, or direct it to the pos- 
terior pelvis, its maximum guiding influence 
becoming more evident only after definite 
dilation of the cervix has been accomplished. 

When the biparietal diameter of the fetal 
head is in the fully dilated cervix, the guiding 
influence of the lower uterine segment and its 
fascial supporting structures are entirely 
passive; the lower uterine segment at this 
stage is extremely thinned while the fascial 
collar is shortened and thickened. Both 
structures have conjointly helped the fetal 
head to this level; their function is now tem- 
porarily suspended. The longitudinal axis of 
the fetal ovoid does not always correspond to 
the axis of the pelvic canal but, by the “check” 
of the fascial collar it may be deflected into 
the pelvic axis. 

During the first stage of labor, depending 
on the direction through which the fetal head 
is guided by the soft parts, it may be deflected 
into either (a) the fore-pelvis with the antero- 
lateral aspect of the head close to the symphy- 
sis pubis, or (b) with the head centrated in the 
pelvis (theoretically equidistant from the 
pubis and sacrum), or (c) into the posterior 
pelvis. Diversion of the head into one of these 
avenues of descent is accomplished by the 
conjoined action of the lower uterine segment 


plus the adjacent fascial diaphragm, both 
acting as a deflecting surface. The longitud- 
inal fetal axis is driven downward by the upper 
contractile uterine segment. 

The lateral and caudal attachments of this 
fascial diaphragm are far reaching. They act 
as fixation spans. Laterally the fascial apo- 
neurosis is continuous with the hypogastric 
sheath. The caudal extensions of this fascial 
aponeurosis extend from the posterior wall of 
the symphysis pubis and from the levator ani 
white line to the ischial spine, and to the 
periphery of the great sacrosciatic notch: to 
the vaginal fascia in its lateral aspect and to 
the periphery of the urogenital hiatus. These 
extensions give a wide perch to this tensile, 
pliable fascial aponeurosis, empowering it to 
moor the uterus not only to the levator ani 
white line but to the composite structure of 
the pelvic floor and to the bony pelvic canal 
as well. 

After delivery of the placenta the vaginal 
introitus usually appears pouting. Should the 
uterus be lifted upward the vaginal introitus 
will immediately become inverted, presenting 
tangible proof of the caudal terminal attach- 
ment of the endopelvic fascia to the lateral 
fascial aponeurosis of the vaginal wall. 

The axis of the lower uterine segment must 
be influenced by its fascial attachments to the 
levator ani white line and to the bony pelvis. 
Variations in this axis could, by such attach- 
ments, exert a profound influence on the 
mechanism of labor. 

This elongated fascial collar in juxta- 
position to the stretching and thinned lower 
uterine segment acts as a check in guiding 
the lower pole of the fetal ovoid into the pelvic 
brim. Deficiencies in this fascial sheath are 
reflected in maladjustments of the presenting 
part. Shortening of one or more segments 
(due to trauma, developmental, or infective 
agents) will deflect the head at the inlet from 
the pelvic axis to one or other pelvic quad- 
rants, i.e., to the fore-pelvis or posterior pelvis 
—leading to delay of engagement and asyn- 
clitism. 
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AN EVALUATION OF CERTAIN DRUGS USED TO 
MAINTAIN BLOOD PRESSURE DURING 
SPINAL ANESTHESIA 


Comparison of Ephedrine, Paredrine, Pitressin-Ephedrine 


and Methedrine in 2500 Cases 


ROBERT D. DRIPPS, M.D., and MARGERY VAN N. DEMING, M.D., 
Philadelphia, Pennsylvania 


HE administration of a pressor drug 

prior to the onset of spinal anesthesia 

has become almost routine. Various 

sympathomimetic substances have 
been employed in an effort to maintain blood 
pressure during this type of anesthesia, the 
list including practically every vasoconstrict- 
ing agent known to pharmacology. With 
such a large group of drugs available it is 
difficult to select a particular one and be 
reasonably certain that the best has been 
chosen. It is evident, therefore, that definite 
criteria should be established for such a selec- 
tion and that large series of controlled cases 
be analyzed so that new drugs can be critically 
compared to those in common use today. 
Certain questions demand answering: first, 
what can be expected to happen to blood 
pressure if pressor drugs are not used; second, 
is there one particular drug which is more 
effective in maintaining circulatory adequacy 
during spinal anesthesia; and third, are there 
side-actions of some of these drugs which 
make their use less desirable despite a proved 
ability to sustain blood pressure? 

In an effort to answer some of these ques- 
tions a study has been made of 2500 patients 
to whom spinal anesthesia was administered. 
This series was divided into groups of 500 
cases as nearly alike as possible according to 
age, type of operation, physical condition, 
and type of anesthetic agent. The same group 
of surgeons and anesthetists functioned 
throughout the study and preoperative prepa- 
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ration of the patients remained essentially 
unchanged during the investigation. Five 
hundred patients received no pressor drug, 
and a group of 500 each received ephedrine, 
paredrine, a combination of pitressin and 
ephedrine, and methedrine. These four drugs 
or combinations were selected for study be- 
cause of the widespread use of ephedrine prior 
to spinal anesthesia (Ockerblad and Dillon, 
1927; Ferguson and North, 1932; Lundy, 
1942), the utility of pitressin-ephedrine as 
described by Chaikoff (1940), and the good 
results obtained with paredrine (Altschule 
and Gilman, 1939; Nathanson, et al., 1942). 
Methedrine was chosen on the basis of the 
work of Dodd and Prescott (1943) which sug- 
gested that the prolonged action of this drug 
might constitute a real advance in prophy- 
laxis. The course of the blood pressure sub- 
sequent to the administration of these various 
pressor drugs has been analyzed statistically 
from a number of viewpoints. 

The cases comprising this series were un- 
selected. Every patient given spinal anes- 
thesia in this hospital was included, and as 
soon as 500 consecutive patients had received 
a particular drug, another drug was substi- 
tuted and the next 500 cases collected. This 
continued until the entire series of 2,500 pa- 
tients had been observed. Because of the 
nature of the surgical admissions the types of 
cases are remarkably constant throughout the 
year and each group of 500 patients represents 
a fairly predictable series as far as operative 
procedures are concerned. Thus, when the 
groups are divided according to type of opera- 
tion the distribution is as shown in Table I. 
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TABLE I.—DISTRIBUTION TABLE II 
Methed-| Pared- | Ephed- | sim and Methed-| Pared- | Ephed- | snd 
Methed-| Pared- | Ephe sin an Methed-| Pared- | Ephed-| an ‘ 
rine rine rine | ephed- None rine rine rine ephed- None 
rine rine 
{nguinal and perineal 179 163 166 158 220 Procaine 221 201 206 179 199 
Lower extremity 36 4° 38 33 53 Pontocaine 230 242 237 252 269 
Lower abdominal 170 171 183 186 155 Nupercaine 49 57 57 69 “7 32, : 
Upper abdominal 87 90 88 92 50 Total | 500 500 500 500 500 
are of the all-or-none type as is the case when 
Total a results are classified as being either below or 


An effort was also made to avoid unbalanc- 
ing any particular group as far as an anesthetic 
agent was concerned. Procaine hydrochloride 
crystals dissolved in cerebrospinal fluid to 
form a 2.5 to 5 per cent solution, 1 per cent 
pontocaine solution combined with varying 
amounts of dextrose and a 1:1500 solution of 
nupercaine hydrochloride were the only drugs 
used. Their distribution according to groups 
was as shown in Table II. 


STATISTICAL ANALYSES 


In analyzing the results it was frequently 
necessary to determine whether the different 
types of treatment produced results which 
were significantly different. This was accom- 
plished by calculating the statistic ¢ for data of 
the graded type, i.e., change in blood pressure 
expressed as a percentage of the initial value. 
This statistic takes into account (1) the differ- 
ence between the means of each of the two 
groups being compared, (2) the degree of 
variation within each group, and (3) the 
number of observations per group. If the 
tables for the distribution of ¢ indicate that 
the particular value of ¢ obtained is so large 
that it could be expected from chance 
alone only once in 20 times, it is conventional 
to assume that the difference between the 
two groups of data is so great that it is 
responsible for the large ¢ value and therefore 
significant. If the ¢ value is so large that it 
could be expected by chance alone only once 
in 100 times, the difference is considered 
highly significant. The calculation of ¢ is 
described in such standard texts on statistics 
as that by R. A. Fisher. 

Fisher also describes the use of chi-square, 
which is a statistic to be used when the data 


above a 25 per cent fall in blood pressure. 
This test answers the question of whether the 
proportion of the cases above the 25 per cent 
level to those below the 25 per cent level is 
significantly different in the two groups being 
compared. Here also, as with the ¢ test, if the 
chi-square value obtained could be expected 
from chance alone only once in 20 times, the 
two groups of data may be considered sig- 
nificantly different. If the odds are one in 100 
the difference is highly significant. 


DOSAGE 


Only one dosage of the various pressor drugs 
was used with the exception of methedrine 
where either 20 or 30 milligrams was adminis- 
tered. Statistical analysis of the results showed 
nosignificant difference between the response to 
20 and 30 milligrams of methedrine. The mean 
percentage fall in blood pressure was 2.91 per 
cent for 20 milligrams and 3.06 per cent for 
30 milligrams, t = 0.065, a value showing no 
significant difference between these means. It 
was, therefore, deemed justifiable to group 
together all data on methedrine regardless of 
which dosage was used. 

Ephedrine sulfate was administered in 50 
milligram doses; paredrine in 10 milligram 
doses, and the combination of pitressin- 
ephedrine included 10 units of pitressin and 
50 milligrams ephedrine. All drugs were in- 
jected into the erector spinae muscles 3 to 10 
minutes prior to the injection of the anesthetic 
agent into the subarachnoid space. 


BLOUD PRESSURE DETERMINATIONS 
Blood pressure was determined by ausculta- 
tion over the brachial artery. Control values 
were those taken after the patient had re- 
ceived preoperative medication and had been 
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NUMBER OF CASES 
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Fig. 1. Frequency distribution of maximum per cent 
change in blood pressure from preoperative level during 
operations under spinal anesthesia. Each pressor drug 
group and the control group (no pressor drug) includes 500 
cases, a total of 2,500 cases. The height of each bar repre- 
sents the number of cases having the percentage change in 


blood pressure indicated along the horizontal axis. Each - 


bar represents a range of 10 per cent change in blood pres- 
sure; i.e., 5 to —4 per cent, —5 to —14 per cent, etc. The 
heavy vertical line indicates the position of no change in 


brought to the operating room. After ad- 
ministration of the anesthetic, blood pressure 
readings were taken at 5 minute intervals or 
less. No attempt was made to differentiate 
between the hypotension associated with 
spinal anesthesia alone, or that related to 
traction reflexes, surgical shock, or hemor- 
rhage. It was felt that the series was large 
enough to be treated in this fashion. Blood 
pressure changes obtained after 60 minutes 
were not included. 


RESULTS 


The results of this study conclusively 
demonstrate that pressor drugs can prevent 
to a large degree the fall in blood pressure 
commonly experienced during spinal anes- 
thesia. Figure 1 reveals that pressor drugs 
not only decrease the percentage of patients 
exhibiting a fall in blood pressure but also 
reduce the average blood pressure fall. For 
example, 457 patients or 91.4 per cent of the 
500 control cases experienced a fall in blood 
pressure of 5 per cent or more, while only 244 
patients or 48.8 per cent of the 500 cases 


to +50 100-50 fo +50 ~100 -50 


EPHEDRINE 


X>5.3 


PITRESSIN - EPHEDRINE METHEDRINE 


blood pressure from the initial level. The arrow points to 
the average (mean) per cent change in blood pressure for 
the group, designated by the symbol X. Note the progres- 
sive shift in the mean per cent change in blood pressure and 
the decrease in humber of cases having a fall in blood pres- 
sure in the groups to the right of the control group. This 
shift in the mean per cent change clearly demonstrates 
the value of pressor drugs, and their relative effectiveness 
in minimizing the tendency of spinal anesthetics to bring 
about a fall in blood pressure. 


receiving methedrine showed such a decrease. 
Similarly, the corresponding data for the 
other drugs studied were: paredrine 377 or 
75.4 per cent; ephedrine 362 or 72.4 per cent; 
and pitressin-ephedrine 252 or 50.4 per cent. 
Furthermore, as Figure 1 shows, the average fall 
for the methedrine group was only 2.98 per 
cent while the control group fell on the average 
36.0 per cent below the preoperation level. 
Likewise, the other drugs minimize the ex- 
pected fall in blood pressure as shown by the 
average blood pressure falls of 5.3 per cent for 
pitressin-ephedrine, 14.5 per cent for ephed- 
rine, and 18.6 per cent for paredrine. In 
each case these improvements over the con- 
trol average are real and not due to chance as 
shown by the ¢ values of Table III. All the 
drugs differ significantly from each other in 
their relative ability to minimize the fall in 
blood pressure, except that pitressin-ephed- 
rine and methedrine were about equally 
effective and did not differ significantly from 
each other in this respect. 

A further comparison of the groups was 
made by classifying the cases in each group 


wi 


I 
i 
I 
1 
I 


314 
120- 1 
90 - | - 90 
70 | | || | el | -70 
40- | - 40 
+50 +100 +50 
X>-2.98 
( 


oO 


oo 90 8 


DRIPPS, DEMING: DRUGS TO MAINTAIN BLOOD PRESSURE 


TABLE III.—? VALUES 


Tests of significance for the relative effectiveness of vari- 
ous pressor drugs in counteracting the expected fall in 
blood pressure. 


x Con. Par. Eph. 
—36.0 —18.6 —14.5 


22.46** | 10. 21** 7.37" 


| 
14.5** | 8.65** | 6.05** | 


Met. —2.98 
P.-E. —5.3 
Eph. —14.5 16.08** | | 


Par. —18.6 | 12.6 | 


Con., Control; Par., paredrine; Eph., ephedrine; P.-E., pitressin-ephed- 
rine; *Met., methedrine; X, mean. The ¢ values (test for significance) 
for each pair of means is given in the block at the intersection of the row 
and column of the means being compared. The designation ** indicates 
the difference in means is highly significant; * indicates a significant 
difference. A value of less than 1.96 in this table indicates the differ- 
ences are not significant. 
on the basis of a fall in blood pressure of 25 
per cent or more from the control level. This 
criterion was arbitrarily selected as a decrease 
in pressure which might be regarded as repre- 
senting a potential danger sign. The number 
(and per cent) of cases having a fall in blood 
pressure of 25 per cent or more was, respec- 
tively, for the controls 325 or 65.0 per cent; 
paredrine 188 or 37.8 per cent; ephedrine 148 
or 29.6 per cent; pitressin-ephedrine 95 or 
19.0 per cent; methedrine 98 or 19.6 per cent. 
Figure 2 presents this data in chart form. 
It is evident that there was a progressive de- 
crease in the number and percentage of cases 
experiencing the designated drop in blood 
pressure with the use of paredrine, ephedrine, 
pitressin-ephedrine, and methedrine. Here 
again the latter two were most effective and 
not significantly different from each other; 
all other differences between drugs and be- 
tween each drug and control were significant 
as shown by chi-square test (Table IV). 

It is thus apparent that without the use of 
a pressor drug one can expect some degree of 


TABLE IV.—CHI-SQUARE VALUES 


Tests of significance of the relative effectiveness of vari- 
ous pressor drugs in preventing falls in blood pressure of 
25 per cent or more. 


Con., control; Par., paredrine; Eph., ephedrine; P.-E., pitressin-ephed- 
rine; "Met., methedrine. 
The designation ** indicates high significance. 
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Fig. 2. The comparative effectiveness of vasopressor 
drugs in reducing the number (and per cent) of cases ex- 
hibiting a fall in blood pressure of 25 per cent or more. Each 
bar represents 500 cases (100%) for each drug and the 
oma the solid black portion indicates the number and 
per cent of cases having a fall in blood pressure of 25 per 
cent or more; the open bar indicates the balance of cases, 
i.e., those not "exhibiting this degree of fall in blood pressure. 
c, Control; P, paredrine; £, ephedrine; P-E, pitressin- 
ephedrine; M, methedrine. 


hypotension in the majority of patients given 
spinal anesthesia. It is also evident that some 
pressor drugs are more effective than others 
in combatting this tendency toward a lowered 
blood pressure. To clarify some of the factors 
involved in the depression of blood pressure 
following spinal anesthesia and to indicate the 
extent to which pressor drugs are of value, the 
data were analyzed further. 

1. Level of spinal anesthesia. As would be 
expected there is an increased tendency for 
the blood pressure to fall as the level of anes- 
thesia becomes higher. This is shown by 
Figure 3 where the type of operation is dis- 
regarded and the anesthesia levels are grouped 
as sacral, lumbar, dorsal 9-12, dorsal 5-8, 
dorsal 1-4, and cervical. For example, in the 
control cases, if type of operation is disregard- 
ed the mean percentage drop at the sacral 
level was 15 per cent, while at the cervical 
level of anesthesia it was 40 per cent. 

The progressive decrease in drop of blood 
pressure when pressor drugs of increasing 
effectiveness are used is apparent from the 
decreased lengths of the bars at corresponding 
anesthesia levels. It will be noted that the 
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lig. 3. The mean per cent fall in blood pressure at’ vari- 
ous levels of anesthesia, i.e., sacral, S; lumbar, L; dorsal 
g-12 (D 9-12); dorsal 5-8 (D 5-8); dorsal 1-4 (D 1-4); and 
cervical, C, is given for the control and each pressor drug 
group. The total number of cases in each group is also 
given. Note the increased percentage fall in blood pressure 


most effective drugs, i.e., pitressin-ephedrine 
and methedrine exert a relatively greater 
effect in maintaining blood pressure in those 
instances where the tendency for fall is great- 
est, that is, at the higher levels of anesthesia. 
In other words, the progressively greater fall 
in blood pressure at higher levels of anesthesia 
is less apparent when methedrine or pitressin- 
ephedrine is used than when no pressor drug 
or when paredrine or ephedrine is used. 

As a further comparison, a statistical analy- 
sis was made of the percentage of cases 
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DORSAL 10 AND BELOW DORSAL 9-5 ABOVE DORSAL 5 


Vig. 4. Per cent of cases showing a fall in blood pressure 
of 25 per cent or more at different levels of anesthesia and 
with various pressor drugs and with no pressor drug 
(control). Percentage of cases having a fall in blood pres- 
sure of 25 per cent or more increases as the level of anes- 
thesia rises; it also increases when less effective pressor 
drugs, or no pressor drug, are used. All differences between 
drugs at given levels of anesthesia are significant except 
for the following: Methedrine as compared to pitressin- 
ephedrine at all levels, pitressin-ephedrine as compared to 
ephedrine and to paredrine at the level of tenth dorsal and 
below, and paredrine as compared to ephedrine at levels 
dorsal ninth to fifth and tenth dorsal and below. C, Con- 
trol; P, paredrine; -, ephedrine; P-E, pitressin-ephedrine; 
M, methedrine. 


OF CASES 


at higher levels of anesthesia; also the lessened tendency 
for the blood pressure to fall when pressor drugs are used. 
This is particularly striking at the higher levels of anes- 
thesia when the more effective pressors are used, e.g., 
itressin-ephedrine and methedrine. Cases in which the 
ioe of anesthesia was not determined are not included. 


showing a fall in blood pressure of 25 per cent 
or more at various levels of anesthesia, with 
various pressor drugs. For this purpose the 
anesthesia levels were grouped as follows: 
Dorsal 10 or below, dorsal 9-5, above dorsal 5. 
These data are presented in chart form in 
Figure 4. The use of pressor drugs in all cases 
resulted in a highly significant improvement 
over the control group. Also, the results of 
the chi-square test given in Table V show that 
the differences among drugs are significant 
except in the cases of methedrine as compared 
to pitressin-ephedrine, paredrine as compared 
to ephedrine at levels dorsal 9-5 and dorsal 
10 and below, and pitressin-ephedrine as com- 
pared to ephedrine and to paredrine at the 
level of dorsal 10 and below. As in previous 
comparisons methedrine and pitressin-ephed- 
rine were the most effective drugs. 

These data offer statistical support to the 
clinical experience that the higher levels of 
anesthesia are more often associated with a 
decrease in blood pressure. They also indicate 
the value of pressor agents under such circum- 
stances. 

2. Type of spinal anesthetic drug. The cases 
were grouped according to the spinal anes- 
thetic drug used, for each pressor drug, and 
for the controls. The comparison was made on 
the basis of the percentage of cases in each 
group exhibiting a fall in blood pressure of 
25 per cent or more from the initial preopera- 
tive level. These results are presented in 
Figure 5. Nupercaine was used in virtually 
all renal operations and in relatively few pa- 
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TABLE V.—CHI-SQUARE VALUES 


lests of significance of the relative effectiveness of vari- 
ous pressor drugs in preventing falls in blood pressure of 
25 per cent or more at various levels of anesthesia. 


Level of Anesthesia—Above D5 


Con. 
8.3** 
69.9** 


44. 


38.0** 


Level of Anesthesia—Dr1o and below 


Con. 


P.-E. 
E ph. 


21** 


13.9** 


Par. 14.7** 


Con., control; Par., paredrine; Eph., ephedrine; P.-E., pitressin-ephe- 
drine; Met., methedrine. The designation * indicates significance, while 
** indicates high significance. 


tients having other types of operation. Hence, 


nupercaine cannot be compared fairly with 
the other anesthetic drugs. The somewhat 
higher percentage of nupercaine cases having 
a substantial fall in blood pressure may be 
correlated with the higher incidence of blood 
pressure fall with operations at higher levels 
of anesthesia, such as renal and upper ab- 
dominal operations. 

There appears to be no significant difference 
between pontocaine and procaine as regards 
incidence of a fall in blood pressure of 25 per 
cent or more when compared by the pressor 
drugs used; the respective percentages for the 
two anesthetic drugs are virtually identical 
with methedrine (17.1%, 17.7%), with pitres- 
sin-ephedrine (17.890; 17.99) and with the 
controls (63.2%; 34.4%) and with paredrine 
(33-49%; 42.3%) appear to be due to the in- 
clusion of a larger proportion of cases with 
operations of the renal or upper abdominal 
type in the procaine group; this is shown by 
comparison of the anesthetic drugs with each 
type of operation. For example, with pare- 
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drine the respective percentages for ponto- 
caine and procaine were: inguinal and peri- 
neal, 17.1 per cent, 17.9 per cent; lower 
extremity, 40 per cent, 35 per cent, lower 
‘abdominal, 42.4 per cent, 38.4 per cent; upper 
abdominal, 66.6 per cent, 62.4 per cent —none 
of these differences is significant. Similarly 
with ephedrine the respective values were: 
inguinal and perineal, 15 per cent, 8.7 per cent; 
lower extremity, 21 per cent, 36 per cent; 
lower abdominal, 27 per cent, 43.6 per cent; up- 
per abdominal, 55 per cent, 39.7 per cent; 
when tested by the chi-square method none of 
these differences was significant except in the 
case of the lower abdominal group. 

3. Initial blood pressure. The efiect of the 
initial preoperative blood pressure level on 
the subsequent fall in blood pressure was 
analyzed by determining the percentage of 
cases at various initial blood pressure levels 
which experienced a fall in blood pressure of 
25 per cent or more. The results are presented 
in Figure 6. It will be seen that with higher 
initial blood pressure levels the percentage of 
cases having a marked fall in blood pressure 
increases. It is also to be noted that at each 
initial blood pressure level the effectiveness of 
pressor drugs is demonstrated, the relative 
efiectiveness of the various pressor agents 
being the same as noted by other bases of 
comparison; i.e., methedrine and pitressin- 
ephedrine were most effective. 

4. Age of patient. In order to determine the 
effect of age, the number of cases in each age 
group, which had a fall in blood pressure of 
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Fig. 5. Per cent of cases showing a fall in blood pressure 
of 25 per cent or more for each pressor drug grouped ac- 
cording to anesthetic agent used. The cases receiving 
nupercaine were mostly renal operations, hence, this grou 
is not comparable to the other groups. The results with 
pontocaine and procaine do not appear to be significantly 
different. 
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Fig. 6. Per cent of cases with various initial preoperative 
blood pressure levels having a fall in blood pressure of 25 
per cent or more, grouped by pressor drugs used and con- 
trols. Subdivisions have been made according to 4 arbi- 
trarily selected levels of systolic pressure, i.e. less than 100 


25 per cent or more were compared with the 
total number of cases in each group. Figure 7 
shows not only the distribution of total cases 
among the various age groups, but also the 
number of cases in each group having a 
marked (25%% or more) fall in blood pressure; 
in general the percentage of the latter in- 
creases with age. This is probably correlated 
to some extent with the tendency for the 
initial blood pressure to be higher with in- 
creased age. 

It will be seen that the pressor drugs were 
effective at all ages and especially so with the 
younger age groups. It was a rare occurrence 
for patients below 20 years of age to experi- 
ence a dangerous fall in blood pressure after 
receiving methedrine, pitressin-ephedrine, or 
ephedrine. With increasing age the number 
and percentage of patients in the danger zone 
tended to increase for all five drug groups. 
It will also be seen that pitressin-ephedrine 
and methedrine were more effective than 
ephedrine alone or paredrine. 


DISCUSSION 


One of the objections to the use of spinal 


anesthesia has been the decrease in blood 
pressure so frequently seen following its ad- 
ministration. The extent of this problem is 
evident when we review the data obtained 
from the 500 cases in the control group who 
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millimeters mercury, tor to 130 millimeters mercury, 1,0 to 
160 and over 160 millimeters mercury. Note the increased 
percentage of cases with at least a 25 per cent fall in blood 
pressure as the initial blood pressure level increases, ani 
with the less effective pressor drugs and with no pressor drug. 


received no pressor drug. This group repre- 
sents a cross section of the types of surgery 
normally managed under spinal anesthesia 
and includes such major procedures in the 
upper abdomen as gastrectomy, choledochos- 
tomy, splenectomy, nephrectomy, as well as 
surgical procedures lower in the abdominal 
cavity, operations on the extremities, and the 
perineum. Obviously the percentage of pa- 
tients showing a decrease in blood pressure 
would be greater if there were more upper 
abdominal surgery, but since all of the groups 
are about equal in this regard it is interesting 
to note that when no pressor drug was used, 
blood pressure fell an average of 36 per cent 
from preoperative level. Of the 500 patients 
325 (65%) showed a decrease in systolic pres- 
sure of 25 per cent or more. 

The pathological physiology underlying the 
decrease in arterial pressure had been studied 
by many investigators and, although there is 
not complete agreement, it is evident that a 
variety of factors are involved in the pro- 
duction of this hypotension. The major cir- 
culatory alterations caused by spinal anes- 
thesia will be briefly reviewed. One form is 
the paralysis of vasoconstrictor (sympathetic } 
fibers to arterioles. This leads to arteriolar 
dilatation and a reduction in peripheral re- 
sistance. Since these fibers arise from the 
spinal cord in the thoracolumbar area, the 
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w 


CONTROL PAREDRINE 


Fig. 7. Total number of cases at various age levels, for 
each pressor drug and for the controls, are shown by the 
open bars. The solid black bars indicate number of cases 


higher the level of anesthesia, the more path- 
ways are blocked. Smith and his co-workers 
(1939) have questioned the importance of 
central constrictor impulses in the mainte- 
nance of arteriolar tone, but it is difficult to 
avoid the conclusion that such impulses do 
play a part. 

Spinal anesthesia also affects the venous 
circulation. Paralysis of skeletal muscles in 
the legs abolishes the pump action of these 
muscles and reduces venous return to the 
right heart. Varying degrees of intercostal 
muscle paralysis likewise decrease the respira- 
tory thoracic pump action bringing blood into 
the great veins. Furthermore, there is, in all 
probability, actual dilatation of peripheral 
veins and venules with pooling of blood just 
beyond the capillaries. All of these factors 
decrease venous return, venous pressure falls, 
and cardiac output is reduced. These facts 
have been substantiated experimentally 
(Burch and Harrison, 1930; Adriani and 
Rovenstine, 1940). 

Finally, paresis or paralysis of intercostal 
muscles decreases respiratory minute volume 
and tidal exchange (Stevens and Waters, 
1932). The resulting anoxia damages cell 


PITRESSIN- EPHEDRINE 


in respective age groups which experienced a fall in blood 
pressure of 25 per cent or more. In general the percentage 
of cases with fall in blood pressure increases with age. 


function throughout the body, particularly 
in the central nervous system, and mechan- 
isms which might compensate for some of the 
alterations in function become weakened and 
less effective. 

A pressor drug is therefore useful for a num- 
ber of reasons. Such a substance can (a) 
produce vasoconstriction peripherally by a 
direct action on arteriolar muscle, (b) increase 
cardiac output by direct stimulation of the 
myocardium, (c) stimulate the vasomotor 
center, and (d) constrict veins and venules. 
All of these actions would be helpful in pre- 
venting the circulatory changes described. 
The exact combination of pharmacological 
effects appears to differ with different sympa- 
thomimetic substances. Thus, Starr and co- 
workers (1937) have shown ephedrine to pro- 
duce a rise in systolic pressure in normal 
individuals largely as the result of an increased 
cardiac output secondary to cardiac stimula- 
tion. Peripheral resistance may even be de- 
creased under such circumstances. Fassett 
(1945) on the other hand finds that methe- 
drine does not increase cardiac output in 
normal subjects, but raises peripheral venous 
pressure and increases total peripheral resist- 
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ance greatly. Iglauer and Altschule (1940) 
report that paredrine has the property of 
constricting veins by a direct peripheral 
action. Finally, pitressin owes its pressor 
activity to a constrictor action on capillaries 
and arterioles. This action is a direct one on 
the vascular musculature and is not related 
to adrenergic vasomotor nerves (11). 

The facts here outlined were obtained from 
studies on normal subjects. That such data 
may not apply under conditions of spinal 
anesthesia is suggested by observations of 
Courmand, Bloomfield, and Lawson (1945) 
that patients with low blood pressure as the 
result of acute alcoholism showed marked in- 
creases in cardiac output following the intra- 
venous administration of methedrine, a drug 
which in normal man does not produce this 
effect. It is evident, therefore, that the basic 
circulatory actions of pressor drugs used in 
this series are well documented but that each 
substance presents a specific combination of 
these actions, a combination which may vary 
according to the experimental conditions. 

On the basis of data obtained from our 2500 
cases, certain conclusions can be reached. 
First, without pressor drugs spinal anesthesia 
can be expected to produce a decrease in blood 
pressure in a high proportion of cases. Second, 
this decrease in blood pressure is more likely 
to occur with higher levels of anesthesia, in 
the older age groups and in patients whose 
initial level of arterial tension is above normal. 
Third, the drop in blood pressure is not related 
to the type of anesthetic agent used, at least 
as far as procaine and pontocaine are con- 
cerned. Fourth, almost any pressor drug is 
useful in lessening the incidence and degree of 
this spinal anesthesia hypotension. Fifth, 
certain drugs are more effective in this regard 
than others. In this series the combination of 
pitressin-ephedrine and methedrine alone 
were more effective than ephedrine alone or 
paredrine. In the 500 patients receiving 
methedrine, the average fall in blood pressure 
Was 3 per cent in contrast to 5.3 per cent for 
pitressin-ephedrine, 14.5 per cent for ephe- 
drine alone and 18.6 per cent for paredrine. 
These differences are statistically significant 
except for the differences between methedrine 
and pitressin-ephedrine. 
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Having two pressor combinations which 
have proved equally effective in maintaining 
circulatory adequacy during spinal anesthesia. 
how can one choose between the two? This 
decision rests largely on the side actions 
caused by the drugs, and the body of evidence 
in this regard is against the use of pitressin- 
ephedrine. 

Objections to the combination of pitressin 
and ephedrine include the following points: 
(1) Pitressin stimulates smooth muscle of the 
intestinal tract and not infrequently in our 
experience caused severe abdominal crampy 
pains. The duration of this discomfort rarely 
exceeded 15 minutes. (2) There was a higher 
incidence of nausea and emesis in the patients 
receiving pitressin-ephedrine than in any of 
the other groups. Whether this is related to 
the intestinal action just discussed is uncer- 
tain. (3) The striking facial pallor following 
pitressin constitutes a psychic disadvantage. 
since the grey-green color, although unac- 
companied by any subjective recognition of 
this appearance, suggests a serious vascular 
condition to uninformed observers. The 
peculiar color is due to marked constriction of 
vessels in the ‘“‘blush area.” (4) Excessive 
rises in blood pressure were occasionally seen. 
Systolic levels well over 200 millimeters o/ 
mercury in normal patients were observed to 
last for several hours. These reactions usually 
were accompanied by severe headache. (5) 
Although we did not note any uterine cramps, 
this complication has been reported (Kirklin 
and Seedorf, 1939). Such a reaction is more 
common early in the menstrual month. (6) A 
final objection is the action of pitressin in 
constricting coronary arteries. Although the 
addition of ephedrine is alleged to minimize 
such a response, the possibilities of such an 
untoward reaction must be considered from 
the theoretical standpoint. 

For these reasons we conclude that methe- 
drine is a superior pressor agent. The only 


unpleasant side action of the substance which 
we noted was the occurrence of prolonged 
stimulation of the central nervous system. 
taking the form of talkativeness and insomnia. 
This was not marked in the surgical patient 
but was readily apparent when the drug was 
administered to volunteer subjects. 
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It should be pointed out that all of the data 
discussed in this paper are based on the 
particular doses of the drugs used in the 
series. Had other doses been employed the 
results might have been different. Thus, some 
workers employ 75 to 100 milligrams of ephe- 
drine sulfate prior to spinal anesthesia. Others 
use two doses of pitressin. With these larger 
amounts there undoubtedly would have been 
ewer patients exhibiting decreases in blood 
pressure. Our doses were, however, those in 
standard use in many clinics. In all prob- 
ability one should adjust the dose of a pressor 
drug according to the expected level of spinal 
anesthesia, the age of the patient, and the 
initial level of blood pressure. Thus, for ex- 
ample, smaller doses are indicated for such 
operative procedures as hemorrhoidectomy, 
where anesthesia of sacral roots suffice; 
smaller doses can also be used in younger indi- 
viduals and in those with normal blood pres- 
sure. If a routine dose is adopted, however, 
our data indicate that 20 milligrams of methe- 
drine intramuscularly will be more effective 
than will any of the other drugs used in this 
investigation. 

This study supports the work of Prescott 
(1944) and Hudson and Paradis (1945) indi- 
cating that methedrine is a valuable sympa- 
thomimetic anine as far as raising a lowered 
blood pressure is concerned. Prescott com- 
pared the pressor activity of methedrine, 
paredrine, neosynephrine, and paredrinol in 
surgical patients with systolic blood pressure 
of 80 millimeters or less. Criteria used in- 
cluded rise of systolic and pulse pressure, 
speed and duration of action, and relative 
freedom from side effects. On the basis of the 
results obtained the clinical effectiveness of 
the four pressor drugs examined was in the 
order listed, ie. methedrine, paredrine, neo- 
synephrine, and paredrinol. 

The time of administration of the drug 
should be judged so as to afford a maximum 
pressor effect when circulatory depression 
from spinal anesthesia is at its peak. Thus, 
one must know how long such a drug takes to 
act when given intramuscularly, what the 
duration of action is, and when one can an- 
ticipate the greatest decrease in blood pressure 
following the anesthetic. The onset of action 


MAINTAIN BLOOD PRESSURE 321 


of methedrine when administered intramuscu- 
larly is within 3 to 4 minutes (i.e., rise of 
10 mm. Hg. systolic), reaching a maximum at 
an average of 17 minutes (4 to 38 minutes— 
Prescott, 1944). The duration of action of 
this drug averages 2 hours (Dodd and 
Prescott, 1943). Since the typical hypotension 
following spinal anesthesia occurs within the 
first 20 minutes, it is our opinion that methe- 
drine can be injected into the deep muscles 
of the back at the time of the lumbar punc- 
ture. In our experience such a technique has 
proved quite satisfactory. If one is particu- 
larly concerned about the prevention of hypo- 
tension, i.e., in arteriosclerotic, hypertensive 
cardiovascular disease, in patients with a 
history of cerebral or coronary thrombosis, a 
somewhat longer time interval should be 
allowed to elapse for the injection of the pres- 
sor drug to the introduction of the anesthetic 
into the subarachnoid space. Since the rise 
in blood pressure following the intramuscular 
administration of most pressor drugs is rarely 
over 30 millimeters of mercury systolic, we 
are not concerned with the adverse effects of 
these substances in cardiac patients, but feel 
convinced, on the other hand, that their use 
is definitely indicated prophylactically in such 
patients (Dripps, 1944). It is in these patients 
that a decrease in blood pressure is far more 
hazardous than a slight rise. 


SUMMARY 


The vascular response of 2500 patients 
receiving spinal anesthesia has been studied. 
Five hundred patients received no pressor 
drug prior to anesthesia and the average fall 
in systolic blood pressure in this group was 
36 per cent from the preoperative level. 
Five hundred patients received paredrine in 
an attempt to maintain blood pressure. The 
average fall in this group was 18.6 per cent. 
Five hundred patients given ephedrine showed 
an average decrease of 14.5 per cent. Five 
hundred patients receiving methedrine showed 
a 3.0 per cent decrease in systolic blood pres- 
sure. Methedrine and_pitressin-ephedrine 
were therefore most effective. 

Methedrine is preferred to the combination 
of pitressin-ephedrine for a variety of reasons. 
The former drug is administered intramuscu- 
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larly in doses of 20 milligrams at the time of 
lumbar puncture. Onset of action is prompt 
and duration is prolonged. 

The incidence and degree of the decrease in 
blood pressure which follows spinal anesthesia 
is greater with higher levels of anesthesia, in 
older individuals and in patients with initial 
blood pressures which are above normal. 
There is no difference in vascular response 
when procaine and pontocaine are used as 
spinal anesthetic agents. 
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THE USE OF TYROTHRICIN IN SURGICAL INFECTIONS 


DONALD D. KOZOLL, M.D., KARL A. MEYER, M.D., F.A.C.S., WILLIAM S. HOFFMAN, Ph.D., 
M.D., and SEYMOUR LEVINE, M.A., Chicago, Illinois 


HE peculiarities of a surgical infec- 

tion are such that they. frequently 
respond best to agents applied di- 

rectly to the site of infection. With 

the new therapeutic era opened by the anti- 
biotics, interest in the development of locally 
applied antibiotics was only natural. Among 
the first of these to be discovered was grami- 
cidin, described by Dubos in 1939. It was 
found to be lethal to gram positive cocci (7, 8, 
10, 11, 13, 16, 22) and effective in the treat- 
ment of a large variety of streptococcal lesions 
of the skin, sinuses, pleura, and bone (9, 12). 
Che material was not destructive in its effect 
on tissues except for a pronounced hemolytic 
effect upon erythrocytes; removal of the he- 
molytic factor resulted in a loss of its bacterio- 
cidal powers (14). In its antibacterial be- 
havior it acted like an anionic detergent (15). 
In comparison with another closely related 
antibiotic, tyrocidin, gramicidin was found to 
be less stable, slightly more cytotoxic, and 
highly insoluble; tyrocidin could keep gram- 
icidin in suspension and had more of an in- 
hibiting effect on certain gram negative flora. 
It was later found that the crude material 
which contained both gramicidin and tyro- 
cidin could combine the bacterial potency of 
the former with the stability and solubility of 
the latter. The crude material—tyrothricin— 
represents the form in which these antibiotics 
are now being applied. Preliminary reports 
have indicated a wide field of usefulness of 
this drug (5, 9, 19, 22) but in the enthusiasm 
for the use of penicillin, few controlled clinical 
studies have been undertaken to evaluate this 
antibiotic, in spite of the fact that it offered 
certain theoretical advantages over penicillin. 
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In the first place, tyrothricin has been found 
to have a more rapid lethal effect upon sensi- 
tive organisms. Second, because of low ab- 
sorption and penetration through tissues, a 
higher local concentration could be attained. 
A decreased excretion would also enhance the 
local concentration, a greater stability ensures 
prolonged action, and because of the high di- 
lutions at which tyrothricin is still effective, it 
becomes clinically an inexpensive antibiotic. 

The following study was outlined to investi- 
gate a specific tyrothricin preparation made 
available to use for this purpose: 

1. To observe the clinical effectiveness of 
tyrothricin in the treatment of a variety of 
surgical lesions as judged by changes in the 
exudate, area of the wound, granulation, and 
pain. 

2. To observe the effect of tyrothricin upon 
normal and inflamed tissues. 

3. To observe signs of local and systemic 
toxicity. 

4. To study the effect of tyrothricin upon 
the bacteriological flora of the wound. 

5. To observe evidences of hemolysis by 
following the changes in the hematocrit, he- 
moglobin, and icteric index. 

6. To compare tyrothricin with other meth- 
ods of treatment. 


METHOD OF STUDY 


The project was undertaken by a team con- 
sisting of two nurses, a bacteriologist, a 
hematological technician, a photographer, and 
a surgeon. The same nurses dressed the 
wounds to standardize the method of dress- 
ings, the obtaining of cultures, and the prepa- 
ration of the solutions. The same bacteriologist 
carried out the bacteriological studies through- 
out the period of the study. The surgeon 
selected all cases for treatment and determined 
the clinical result. 

The tyrothricin used in this study was 
furnished to us as a 2.5 per cent alcoholic 
solution in a sterile ampul containing 20 cubic 
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centimeters of the material. This was added 
to a liter flask of sterile distilled water, thus 
making a solution that contained approxi- 
mately '4 milligram of tyrothricin per cubic 
centimeter of solution. Toward the end of the 
study in a few cases, a more concentrated 
preparation was used (1 mgm. per c.c.) or 40 
cubic centimeters of the 2.5 per cent solution 
diluted to a liter. This was done for compara- 
tive purposes to note the effect of the stronger 
solution on the speed of healing. All solutions 
were made up freshly each day and any un- 
used solution was discarded at the end of the 
day. 

At the beginning of tyrothricin therapy, all 
wounds were photographed. The photographs 
were identified in the same manner as roent- 
gen-ray films and a metric scale on the marker 
provided a means of permanently recording 
the size of the wound, which we found corre- 
lated well with actual measurements of the 
wound, for the differences recorded far 
exceeded the possible error. Special mimeo- 
graphed sheets provided columns for entries 
of pertinent details of the clinical history and 
permitted daily entry of data concerning the 
treatment, changes in the wound, the quantity 
of the drug used, temperature, pulse, respira- 
tion, and all the laboratory data. The photo- 
graphs were retaken at weekly or biweekly 
intervals as indicated. Cultures and venous 
blood for hematological study were also taken 
before the start of the therapy. 

Tyrothricin was used in the form of a wet 
gauze dressing. The quantity of solution 
necessary to saturate the gauze was measured 
in a sterile graduate before application. The 
moist gauze was then packed loosely into the 
wound, an absorbent placed over the gauze, 
followed by a layer of cellophane, parchment, 
or wax paper to control evaporation or loss of 
tyrothricin solution. Dressings were held in 
place by gauze rolls, adhesive, binders, or 
splints as the lesion required. Dressings were 
changed daily by the same personnel. 

The bacteriological procedure was carried 
out as follows. The nurse dressing the wound 
was carefully instructed to remove the same 
amount of exudate from approximately the 
same area of the wound so that the bacterio- 
logical counts might be standardized as much 


as possible. At first the cultures were taken 
daily, but we soon learned that cultures taken 
every 2 or 3 days were frequent enough. The 
exudate was recovered by a dry sterile swah 
which was immediately placed into a test tube 
containing 2 cubic centimeters of sterile dis 
tilled water to help keep the cultures moist. 
All swabs reached the bacteriologist within 2 
hours from the time they were taken from the 
wound. The bacteriologist agitated the swab 
in the water to displace as many of the bac- 
teria as possible, and then the swab was placed 
in a tube of brain broth. The brain broth was 
incubated at 37 degrees C. for 24 hours after 
which a gram stain was made and examined 
microscopically. One tenth cubic centimeter 
of the distilled water containing the organisms 
was inoculated deeply into melted agar con- 
taining 0.2 cubic centimeter of blood, and 
poured into a sterile plate. The plate was 
incubated for 48 hours aerobically at 37 
degrees C. after which time the colonies were 
counted. When it was anticipated that the 
infection was extremely heavy, appropriate 
dilutions of the original samples were made in 
distilled water. A special effort was made to 
differentiate streptococci, staphylococci, diph- 
theroids, and gram negative bacilli, partic- 
ularly Pseudomonas pyocyaneous. A 4 milli- 
meter loopful of the specimen was streaked on 
a blood agar plate and incubated aerobically 
at 37 degrees C. for 48 hours. At the end 
of this time well isolated colonies of varying 
morphology were transferred to blood agar 
slants and identified (2). At first a second 
plate was streaked and incubated anaerobi- 
cally in a platinum catalyst type anaerobic 
jar, illuminating gas being used instead of 
hydrogen gas. It was soon found that so few 
of the wounds possessed an anaerobic flora, 
that it was unnecessary to use anaerobic 
technique routinely. Instead, the brain broth 
culture, described in the foregoing, was exam- 
ined and when any suspiciously appearing 
gram positive rods were found, an anaerobic 
streak plate was prepared from the brain 
broth. Anaerobes were identified by the use of 
the technique described by Reed and Orr. 
Hematological studies were carried out on 
venous blood drawn before the start of the 
therapy and at weekly intervals thereafter. 
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Heparin was used as the anticoagulant for 
plasma. Determinations included the sedi- 
mentation rate, hematocrit, hemoglobin, total 
serum protein, and icteric index. The sedi- 
mentation rate was performed by the Win- 
trobe method, correction being made for 
abnormally low hematocrits. Hemoglobin 
determinations were made on_ heparinized 
venous blood, the photoelectric method being 
used. Total serum proteins were studied by 
the specific gravity method of Barbour- 
Hamilton. Icteric indices were carried out on 
serum in the usual manner. 


MATERIAL 


The clinical material studied is listed in 
Table I. It consists of 77 cases of surgical 
infections of a wide variety such as is en- 
countered in the charity wards of a general 
hospital. No deliberate attempt was made to 
select cases, but certain fundamental surgical 
principles were followed: i.e., only draining 
infections which communicated with the 
exterior were considered. At first no attention 
was paid to the blood supply of the part but it 
was soon learned that the treatment was 
doomed to failure in the presence of gangrene. 
Infected postoperative wounds were the most 
frequent lesions treated, of which there were 
19. Infected varicose ulcers were next in 
frequency and constituted a group of 10 
patients. There were 7 patients with cellulitis 
and 7 with abscesses, 5 with empyema and 5 
with burns. The remainder were quite varied 
in nature. All patients were hospitalized for 
the entire period of study and received no 
other therapy conjointly with the tyrothricin 
therapy. 

There were 49 white and 28 negro patients, 
47 being males and 30 females. The oldest 
patient was 79 years and the youngest 2 years 
of age. There was an additional group’ of 
patients studied privately in other hospitals 
but these are not included for statistical 
appraisal because either the photographic 
evidence or the bacteriological studies were 
incomplete. 

The majority of these patients were referred 
to us after their lesions had proved refractory 
to a variety of other methods of treatment, 
which included the use of Dakin’s solution, 


Dakin’s with saline, saline packs, sulfona- 
mides, xeroform gauze, vaseline gauze, boric 
acid solution, ultraviolet light, and parenteral 
penicillin. These, therefore, act as control 
measures in evaluating the drug under inves- 
tigation. Included were 6 cases with bilateral 
lesions in which one lesion was treated with 
tyrothricin and another with a control prepa- 
ration. These we feel offer more crucial tests 
of comparison than a parallel series of patients 
with unilateral lesions. The variability among 
patients and types and degree of infections is 
so numerous that only a series of several 
hundred cases would offer statistically sig- 
nificant evidence. 
RESULTS 

A. Clinical. The criteria for clinical im- 
provement in the treatment of the infection 
included the disappearance of all visible signs 
of infection, the decrease in the amount of 
exudate, the growth of viable healthy granu- 
lation tissue, the growth of epithelium over 
the granulation tissue, and a decrease in the 
size of the wound as verified by actual meas- 
urement. According to these criteria, clinical 
results were placed in three categories: excel- 
lent, fair, and poor. 

Table I lists the various infections treated 
with the results evaluated as indicated above. 
Of 77 cases treated, 50 (65 per cent) showed 
excellent results, 8 (10 per cent) showed fair 
results, and 19 (25 per cent) showed poor re- 
sults. It will be noted that 18 out of 19 cases 
of postoperative wound infection responded 
with excellent results and one gave a poor 
result. In the 10 cases of infected varicose 
ulcers, there were 7 excellent results with tyro- 
thricin treatment, 1 was fair and 2 were poor. 
All of 7 cases with cellulitis responded excel- 
lently, whereas of the 7 cases of abscesses, 5 
showed an excellent result and 2 poor, the 
latter were ischiorectal abscesses in debilitated 
patients. Four of the 5 patients with em- 
pyema and open drainage responded well to 
tyrothricin. In 1 case of an abscess due to 
Friedlaender’s bacillus infection, the result was 
only fair. Of 5 infected burns treated, the 
result was excellent in 1, fair in another, and 
poor in 3. All 3 cases of decubitus ulcers re- 
sponded excellently. ‘Two of three lacerations 
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TABLE I.—CLINICAL RESULTS IN 77 PATIENTS 
WITH SURGICAL INFECTIONS TREATED WITH 


TABLE II.—DURATION OF TREATMENT WITH 
TYROTHRICIN OF 77 PATIENTS WITH SUR- 


TYROTHRICIN GICAL INFECTIONS 
Excel- | Clinical result 
. No. of | Fair Poor 
Lesion | lent Length of 
Cases | result | result result treatment | | 
Excellent Fair } Poor 
Varicose ulcer 10 | a, a I 2 I | 4 | 7 
| — — | ——-|__|—— 2 | 2 | 4 
—|— 3 6 | 2 | 5 
Abscess 7 5 2 -| 
; 4 16 3 2 
Empyema | 5 4 | I —— --— 
5 7 I 
Burn 5s | I I 3 
Laceration 3 | 2 I — 
| 8 | 4 
Decubitus ulcer 3 3 
Carcinomatous ulcer | 2 I I 
statistical evaluation. The short time of 
suetic . 
cme, —-|-— ——|—--— treatment in the group with poor results was 
4 titis 2 
due to the fact that in many of these cases 
either death or some complication supervened 
Infected fracture The speed of healing was usually propor- 
“X-ray burn | | tionate to the initial size of the wound. The 
Tenosynovitis | 4 I general clinical impression was gained that 
Fistulae (perinephric) | tyrothricin solution directly or indirectly 
‘Totals | “so | 8 | speeded the formation of granulation tissuc. 
(65%) | (10%) | (25%) 


responded well whereas the third did not. Of 
2 secondarily infected luetic ulcers which had 
not responded to antiluetic therapy alone, 1 
showed an excellent result with tyrothricin, 
and the other a poor one. The patients with 
carbuncles responded only fairly. Three pa- 
tients with osteomyelitis (diabetics) and 1 
patient each with an infected fracture, an x- 
ray burn, a carcinomatous ulcer, tenosyno- 
vitis, and a perinephric fistula, all did not im- 
prove with tyrothricin therapy. 

Table II presents the length of treatment 
required in each of the groups classified as to 
result. It is to be noted that of the patients 
with excellent result, 4 responded within 1 
week of treatment, 11 within 2 weeks, 6 within 
3 weeks, and 16 within 4 weeks of treatment. 
In other words 37 out of 77 patients responded 
to tyrothricin with excellent results within 1 
month; 13 others required an additional month. 
The group with fair results is too small for 


Epithelization was also promoted so that skin 
grafting was necessary in only 5 of the 50 
cases showing excellent results. Even the de- 
cision to do skin grafting was motivated by a 
desire to shorten the period of hospitalization. 
By indirect measurement of all wounds as re- 
corded on photographs (instead of direct meas- 
urements of the wounds themselves) the per- 
centage decrease in the area of the wound 
varied from 36 per cent to 100 per cent in the 
cases showing excellent results, with an aver 
age of 70.7 per cent. The number of cases in 
the group with fair results do not permit sta- 
tistical evaluation, but the clinical impression 
was that there was appreciably less healing. 
In the group with poor results there was little 
decrease in the size of the wound, and in som: 
cases the wound increased in size. 

The 6 cases with bilateral lesions in which 
tyrothricin was applied on only one lesion 
merit detailed analysis. The first of this group 
was that of a severe pyocyaneous infection o/ 
both hands following third degree burns. The 
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TABLE III.—TYPE OF SURGICAL INFECTIONS TREATED IN THIS STUDY AND BACTERIAL 
FLORA SEEN WITH EACH LESION* 


ieee No. of Staph. Staph. B. hem. | Nonhem. | Pyocya- | Diphther-| Staph. Gram+ 
cases albus aureus strep. strep. neus oids citreus anaerobe 
Postoperative wound 19 5 15 8 3 10 12 1 
Varicose ulcer Sone 10 3 10 4 a 6 8 I ~—_— 
“Abscess 7 7 4 I 5 6 
Cellulitis 7 I 7 6 I 3 7 
t mpyema 5 4 4 2 4 4 
5 2 4 2 3 4 
Db cubitus ulcer 3 I 3 I 2 3 geimia 
La eration 3 2 2 I I I 
Osteomyelitis | 3 | 3 | a 
( .rcinomatous ulcer 2 q 2 I I 2 
Infected fracture I I I I I 
x ray burn I I 1 
Tenosynovitis I I I I I 
Pe rinephric fistula I I I 
! uerger’s disease I I I I 
Total 77* 19 68 38 10 41 61 I I 


*Total number of organisms will be greater than total number of cases because each wound will vary as to the number of different organisms 


it contains. 


right hand was treated with tyrothricin while 
the left was treated with equal parts of boric 
acid and vinegar; the tyrothricin treated hand 
did much more poorly and tyrothricin treat- 
ment had to be discontinued. The second 
case of this group was that of a patient with 
bilateral varicose ulcers of almost identical 
initial size (Fig. 8). The right ulcer, which 
was treated with tyrothricin, showed a much 
more rapid clearance of exudate, granulation, 
epithelization, and disappearance of pain, 
than did the left ulcer which was treated first 
with Dakin’s saline solution and then saline 
solution alone. Also bacteriologically, the 
tyrothricin treated wound responded more 
favorably. Case 3 of this group was that of an 
infected epidermophytosis and edema of both 
legs. There was no apparent difference be- 
tween the leg treated with tyrothricin and the 
one treated with saline, although the former 
was the more seriously involved. Case 4 of 
the group (Fig. 17) involved a patient with 
varicose ulcer on the right leg measuring 36.1 


square centimeters and one on the left leg 
measuring 7.4 square centimeters. The right 
ulcer was treated with tyrothricin and the 
ulcer healed completely in 3 weeks while at 
the end of the same period the left ulcer, which 
had been treated with saline, still measured 2 
square centimeters. The fifth case was one of 
hemiplegia and decubitus ulcers on both heels; 
the right ulcer, treated with tyrothricin for 4 
weeks, showed an 80 per cent decrease in area 
and filled with granulation tissue, while the 
left one, treated with saline during that time, 
was still purulent and had not decreased in 
size. The remaining case of this series was 
another one of bilateral varicose ulcers in 
which the ulcer treated with tyrothricin re- 
sponded about as well as the one treated with 
Dakin’s saline solution although the former 
wound was by far the larger (Fig. 19). 

In the few experiments in which the strength 
of tyrothricin solution was doubled (1 mgm. 
per c.c.) the speed of granulation appeared to 
increase. For example, if the size of the lesion 
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rABLE IV.—INFLUENCE OF TYROTHRICIN SOLU- 
TION UPON INDIVIDUAL BACTERIA IN 77 
TREATED CASES 


Colonies} Colonies} Colonies} Colonies 
Organism disap- de- in- ap 
peared | creased | creased | peared 
Hemolytic streptococcus 
Group A* 18 5 
B** I I 
4 3 1 
Nonhemolytic streptococcus 
Group A 2 2 I 
B 
Cc I I I I 
Staphylococcus aureus 
Group A 16 17 te) I 
B I 3 3 I 
Cc I 3 II I 
Staphylococcus albus 
Group A 3 6 4 
B I | 
Cc r | 2 2 
Pseudomonas pyocyaneus | 
Group A 5 4 4 17 
B | 5 
¢ I 6 4 
Diphtheroids 
Group A 4 13 fe) II 
B 2 2 3 
.. 5 I 7 I 


* Group A, treated with excellent results (50 cases) 
** B, treated with fair results (8 cases) 
“ C, treated with poor results (19 cases) 


in Figures 9, 13, and 20 is compared with some 
of those in earlier cases (Figs. 2, 3, 7) the in- 
creased speed with which these larger lesions 
became granulated may be attributed to the 
stronger solution. Similarly, in cases in pri- 
vate practice where a change of tyrothricin 
dressing could be carried out every 4 hours, a 
more rapid healing and granulation was noted. 
Neither the increased strength of the solution 
nor the more frequent change of dressing pro- 
duced any tendency to local or systemic re- 
actions. 

One patient not included in the series under 
experimental investigation is of particular 
interest. The patient was a 29 year old white 
female who had a hemolytic streptococcal 
(Meleney) gangrene involving the entire thick- 
ness of the abdominal wall of the right lower 
quadrant down to the musculature, and ex- 


tending onto the right thigh and vulva. ‘The 
patient had received every therapeutic ad 
junct available including zinc peroxide, sulia 
drugs locally, orally, and intravenously, and 
parenteral penicillin. Within 8 days of tyro 
thricin therapy (applied every 4 hours night 
and day) all signs of necrosis and cellulitis had 
disappeared, the entire ulcerated area was 
covered with healthy granulation tissue, and 
the patient for the first time in several weeks 
did not require morphine for change of dress- 
ings and expressed the desire to get out of bed. 

B. Bacteriological. The varieties of organ- 
isms encountered in each of the various types 
of lesions and their relative frequency is indi- 
cated in Table III. It will be noted that 
Staphylococcus aureus was found most fre- 
quently, then the diphtheroids, followed by 
Pseudomonas pyocyaneus, beta hemolytic 
streptococcus, Staphylococcus albus, and alpha 
nonhemolytic streptococcus. Though the 
flora in any given patient was identified with 
consistency, the colony counts at times show 
unusual variations. This was thought to be 
due either to an accidental difference in the 
quantity of exudate removed with the swab 
or to the pleomorphic nature of the diphther- 
oids which frequently took on the morphologic 
features of staphylococci or streptococci. For 
this reason, in a number of cases, though the 
total colony count was always estimated, the 
individual organisms were identified solely as 
being present or absent. 

The detailed effect of treatment upon in- 
dividual groups of organisms is presented in 
tabular form in Table IV. It was readily ap- 
parent that the beta hemolytic streptococcus 
was the most susceptible organism treated, 
followed by the Staphylococcus aureus, and 
then Staphylococcus albus. Tyrothricin ap- 
peared to have little favorable effect upon 
gram negative flora as the pyocyaneus and 
diphtheroids; in fact, these two organisms 
demonstrated a pronounced tendency either 
to proliferate or to make their initial appear- 
ance in the course of treatment. 

A correlation between bacteriological and 
clinical results was also seen in studying the 
results indicated in Table IV. For, while al! 
hemolytic streptococci either were killed or 
decreased in the group that gave excellent 
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2 weeks after skin graft 


cteriology 

Number of colonies 200,000 32,000 

Staphylococcus albus + + 

Staphylococcus aureus 7 + 
a of wound—sq. cm. 60.3 60 © 
atment Saline dressings 400 mgm. tyrothricin Skin graft 


Vig. 1. Infected traumatic laceration of the hand treated with tyrothricin. After 11 days of treatment there was no sig- 
} ‘icant decrease in the size of the wound but such a marked clearing of all exudate and growth of granulation tissue, that 
» skin graft was attempted which resulted in a go per cent “take.”” A decrease in the bacteriological colony count was 
1 


 inical results, the results in the group that ment 165,120 colonies of Staphylococcus al- 
i1owed poor clinical effect were also poor from bus, pyocyaneus, and diphtheroids; after 
‘ie bacteriological point of view. The same treatment, culture showed less than 100 col- 
orrelation could be deduced from studying onies of Staphylococcus albus, but over 
tie responses of Staphylococcus aureus to 1,000,000 colonies of pyocyaneus (principally) 
i vrothricin. and diphtheroids. The left hand which was 

The bacteriological findings in the patients treated as the control showed at the start 
with bilateral lesions presented findings of 750,000 colonies of Staphylococcus aureus, 
particular interest. In the patient with burns —pyocyaneus, and diphtheroids, and this rose to 
due to frostbite of both hands, the hand 1,008,000 with the same flora. The second 
treated with tyrothricin revealed before treat- case (Fig. 8) bilateral varicose ulcers, showed 


Control 7 days 10 days 22 days 
Bacteriology 
Number of colonies 100,000 100,000 37,120 1,100 
Hemolytic streptococcus + + + ° 
Staphylococcus albus i + + + 
Diphtheroids + ° ° ° 
Area of wound--sq. em. 16 12 2.5 1.8 
Treatment Saline dressings 150 mgm. tvrothricin 310 mgm. tyrothricin 300 mgm. tyrothricin 


Fig. 2. Streptococcal cellulitis of the leg with marked edema and induration. Central area around incision for drainage 
sloughed but within 22 days of treatment with 390 milligrams tyrothricin, the entire area had granulated and epithelized. 
The bacteriological cultures, which were predominantly hemolytic streptococci, showed a complete disappearance of all 
streptococci and diphtheroids, and a marked decrease in the number of staphylococci. 
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Control | 7 days | 15 days | 28 days 
Bacteriology _ | 
Number of colonies 200,000 128,000 20,400 | 40,400 
Hemolytic streptococcus + + | + | <100 
Staphylococcus aureus + + | + | + } 
Area of wound — sq. cm | 11.5 6.2 3.5 | 2.5 a 
Treatment Xeroform Dakin’s saline 210 mgm tyrothricin | 450 mgm tyrothricin ___ 875 mgm. tyrothricin 
Fig. 3. Infected ulcer of dorsum of left foot which did not respond to Dakin’s saline or xeroform gauze dressings. During 
4 weeks of treatment with tyrothricin dressings, all purulent exudate disappeared and the ulcerated area filled with gran 
ulation tissue which had almost completely epithelized. There was an almost complete disappearance of the hemolytic 
streptococci and a marked decrease in the number of Staphylococcus aureus. 
A B 
| Contro 14 days | Control 14 days 
Bacterivlogy | 
Number of colonies 60 1,200 1,800 | 700 
Staphylococcus albus + + | 
Staphylococeus aureus ° ° | + | ° 
Bacillus pyoeyaneus ° | ° | ° | 
Dipheroids + + | 
= ‘ — 
Area of wound —sq. cm. 30.2 5.0 | 25 10 
lreatment saline dressings) (183 mgm. tyrothricin Saline dressings | $75 mgm. tyrothrici: 
Fig. 4. A, An infected postoperative abdominal wound which had decreased from 36.2 to 5.0 square centimeters in 1 ' 
days of treatment with tyrothricin; bacteriological content was never significant. B, Another similar type of wound whic 
had granulated within 2 weeks of therapy, during which time the staphylococci aureus and albus, and diphtheroids di 


appeared, but Bacillus pyocyaneus developed. Both wounds epithelized completely before patients were discharged. 
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Control | 14 days 27 days 
| cteriology Ps 

Number of colonies 6,400 1,000 100 

Bacillus pyocyaneus + + 

atment : Dakin’s saline | _755 mgm tyrothricin 1,500 mgm. tyrothricin 


‘ Fig. 5. Wound separation following small bowel resection in a hypoproteinemic patient; all tissues down to peritoneum 
d separated and were covered with a thick purulent exudate. Within 2 weeks of treatment all exudate was cleared up 
d the wound was lined with healthy granulation tissue. After 27 days the wound had decreased 68 per cent in size, 
wing an area of 20.3 square centimeters to be epithelized. A bactericidal effect upon Staphylococcus aureus was seen. 
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Control 14 days | 35 days 
Bac | 
Number of colonies 57,000 125,520 38,400 
Staphylococcus albus + ° ° 
Staphylococcus aureus + + + 
Bacillus pyocyaneus | ° + 
Diphtheroids | + + 
{rea of wound- sq. cm. | “37 24.5 9 
Bismuth 525 mem. tyrothricin 1450 mgm tyrothricin 


| Potassium iodide | 


icit Fig. 6. Two large punched-out infected ulcers of the leg of a senile female negress which were thought to be due to lues 
in the opinion of the dermatological consultants. No healing was seen after 3 weeks of treatment with bismuth and po 


hic tassium iodide therapy. After 2 weeks of tyrothricin the punched-out areas had completely granulated in and the sur- 
dic rounding skin had also improved in its appearance. Thirty-five days of tyrothricin treatment produced a 75 per cent 


d decrease in the size of the wound with only 9 square centimeters left to be epithelized. The drug was bactericidal for the 
; Staphylococcus albus in this case. 


ff 
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Control 5 days Control 25 days 
Bacteriology 
Number of colonies 2,200 100 305,000 } 150,000 
Staphylococcus aureus ° <100 
Bacillus pyocyaneus ° + + +( 104,000) 
Diphtheroids + 4. 
Area of wound cm 16 153.8 so 28 


Treatment Dakin’s saline 1,115 mgm. tyrothricin| Saline dressings, sulfathiazole 1,950 mgm. tyrothricin 


Fig. 7. A, An infected traumatic laceration in a malnourished vagrant which had not responded to treatment with 
Dakin’s saline solution. Twenty-five days’ treatment with tyrothricin caused a complete disappearance of all necrotic 
tissue and exudate and complete replacement by granulation tissue. B, A decubitus ulcer due to a plaster cast which r 
curred several times over a period of 4 years. After 25 days’ treatment with tyrothricin all necrotic tissue had disappeared 
in the denuded muscles and the tendons were covered by a thick layer of granulation tissue. Skin grafting was subsequent ( 
ly attempted but was only partially successful, presumably due to the high count of Pseudomonas pyocyaneus. A bac 


teriocidal effect upon Staphylococcus aureus was demonstrated in both cases. 


on culture, 2,700 colonies of Staphylococcus 
albus in the right wound and 1,300 colonies of 
Staphylococcus aureus and citreus. The right 
wound was treated with tyrothricin for 35 
days, after which time culture of the wound 
no longer contained Staphylococcus albus, but 
1,690 colonies of pyocyaneus and 1,800 col- 
onies of diphtheroids. The left wound was the 
control and after 35 days’ culture of it showed 
100 colonies of Staphylococcus aureus. The 
third case of this group was that of a secon- 
darily infected epidermophytosis of both legs; 
the right leg was treated with tyrothricin and 
the bacteriological count, which was 200 col- 
onies of staphylococcus and diphtheroids, rose 
to 13,000 colonies with the appearance of pyo- 
cyaneus. The control leg was treated with 


saline and the initial bacterial count of 100 


colonies of Staphylococcus aureus rose to 
1,000,000 colonies of Staphylococcus aureus, 


pyocyaneus, and diphtheroids. Case 4 of this 
group (Fig. 17) was another with bilatera! 
varicose ulcers. The right wound was treate« 
with tyrothricin for 20 days and a bacterio 
logical count of 70,000 colonies of Staphylo 
coccus aureus and diphtheroids changed t» 
576,000 colonies of pyocyaneus and diph 
theroids with complete disappearance of th 
Staphylococcus aureus; the left wound wa- 
treated with saline and the initial bacteri 
logical count of 1900 colonies of Staphyl 
coccus aureus and diphtheroids rose | 
1,000,000 colonies of the same organisms plu 
pyocyaneus. In Case 5 with bilateral deci 
bitus ulcers, the right wound was treated wit 
tyrothricin for 28 days during which time th 
count rose from 100 colonies of Staphylococct 
albus and aureus and diphtheroids to 4,200 « 
the same flora. The left wound, treated wit 
saline as a control, had an initial count of 20 
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Contro 14 days 21 days 35 days 
Right | Left Right Left Right Left Right Left 
icteriology : 
Number of colonies 2,700 1,300 100 23,080 100 040,000 3,400 500,000 
Staphylococcus albus + ° + ° ° ° ° ° 
Staphylococcus aureus ° + ° + ° <100 ° ° 
Staphylococcus citreus ° + ° ° + + + 
Bacillus pseudomonas ° | ° ° + 
ea of wound—sq. cm. 4o 42 20 33 12 20 | 4o 12.5 
eatment Dakin’'s | Dakins’ 7oo mgm Saline | 1000 mgm Unna’'s 1000 mgm Saline 
saline | saline tyrothricin | dressings | tyrothricin | paste boot tyrothricin | 
dressings dressings | | | 


Fig. 8. Bilateral infected varicose ulcers of almost equal size which had not responded to Dakin’s saline dressings. 
:ight leg was selected for treatment with tyrothricin while left leg was employed as a control. Right leg showed a more 
ipid healing so that at the end of 35 days of treatment the right ulcer had decreased go per cent in size whereas the left 
icer had decreased 70 per cent. A more effective bacteriostatic influence was apparent in the tyrothricin treated wound 


1an in the control. 


olonies of Staphylococcus aureus and diph- 
‘heroids, which rose to 56,000 colonies of the 
same organisms plus pyocyaneus. The sixth 
case (Fig. 19) of this group was that of bilat- 
eral varicose ulcers; the right and larger 
wound was treated with tyrothricin for 28 
days and a bacteriological count of 160,000 
colonies of Staphylococcus aureus and hemo- 
lytic streptococcus changed to one of 1,c00,000 
colonies of pyocyaneus with complete disap- 
pearance of the staphylococcus and strepto- 
coccus. The left ulcer was treated with Dakin’s 
saline solution with an initial bacteriological 
count of 172,800 colonies of the same flora as 
the right wound which changed to a count of 
26,000 pyocyaneus and a similar disappear- 
ance of staphylococci and streptococci. 

C. Hematological. Hematocrit determina- 
tions were made in 48 of the 77 patients 
treated at the beginning and at weekly inter- 
vals after treatment. The patients had re- 
ceived quantities of tyrothricin varying from 
177-5 milligrams to 6,905 milligrams in a 
period varying from 7 to 48 days. Significant 
changes in the hematocrit (more than 3°;) 
occurred in 14 of 48 cases studied; in the re- 


mainder the hematocrit varied slightly or 
none at all. In 14 cases where the hematocrit 
changed, a rise was noted in 8 and a fall in 6. 
There was no relationship to dose of drug ad- 
ministered, period of administration, type of 
infection, and therapeutic result. One may 
deduce, at least in so far as the hematocrit is a 
criterion, that there was no apparent he- 
molysis produced in these patients as the 
result of tyrothricin therapy. 

Hemoglobin determinations were carried 
out in the same series of 48 patients, and 
changes of 2 grams per 100 cubic centimeters 
or more Were present in 15 patients; in 6 the 
hemoglobin decreased and in g it increased. 
Again there was no significance in these 
changes. In the main, hemoglobin changes 
paralleled the changes in the hematocrit. 

Sedimentation rates were determined in the 
same series of 48 patients and recorded as 
millimeters per hour. In all but 1 case the 
initial sedimentation rate was found elevated 
above normal. In only 1 case did the sedi- 
mentation rate fall 10 millimeters or more 
whereas in 8 cases it rose 10 millimeters or 
more. This test, as a criteria of the treatment 
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| Control 6 days 14 days | 42 days 
Bacteriology | 
Number of colonies | | 
Hemolytic streptococcus 24,400 700 | ° 
Staphylococcus aureus 1,200 100 100 | : ° 
Bacillus pyocyaneus ° ° ° 2,400 
Diphtheroids ° ° 100 ° 
Bacillus terminalis ° ° | ° : 0,000 
Area of wound- sq. em | 88 07 | 43 14.5 
‘Treatment Incision and drainage | 500 mgm. tyrothricin | 1,300 mgm. tyrothricin "2,060 mem. tyro- 
| | thricin 


Fig. 9. Abscess of the thigh which upon incision was found to extend down between the quadriceps muscles. A 1 milli 
gram to 1 cubic centimeter solution of tyrothricin was used here and at the end of 6 days the base of the wound was com 
pletely filled in with granulation tissue and after 42 days the area still requiring epithelization was only 17 per cent of the 
former size of the wound. Bacteriocidal effects were noted which were similar to those previously described. 


Control 13 days | 28 days 

Bacteriology | 

Number of colonies | 

Hemolytic streptococcus 400 | ° ° 

Staphylococcus aureus | 18,800 100 300 

| 
Bacillus pyocyaneus ° ° | 1,500 
Diphtheroids } ° 100 4,800 

Area of wound = sq. cm 32.2 28.4 | 7 8.4 
Treatment Saline dressings ey Si 750 mgm. tyrothricin | 1,450 mgm. tyrothricin 


Fig. 10. Infected traumatic lacerations in a diabetic whose leg had been previously amputated at the mid-calf leve! 
All traces of exudation had disappeared at the end of 13 days’ treatment with tyrothricin, and at the end of 4 weeks i 
73-9 per cent decrease in the size of the wound had resulted, leaving only an area of 8.4 square centimeters to be epithe! 
ized. A lethal effect upon hemolytic streptococci and Staphylococcus aureus was demonstrated. 
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Control 
sac teriology 
Number of colonies 
Hemoly tic streptoc occus | 5,000 
Staphylococc us aureus 200 
Bacillus pyocyaneus ° 
Diphtheroids ° 
vrea of wound sq. cm ; | — 18 5 
reatment mos.) Ge 


violet, urea, sulfo 
namides, ultraviolet, 
Dakin’ s saline 


14 days | 29 days 55 days 

° | ° ° 
500 100 ° 
100 100 400 

| 
100 | ° 600 
12.5 | 6.0 


2,775 mgm. tyro 


825 mgm. tyro- 1,025 mgm. tyro 2m 
thricin 


thricin thricin 


| 


ei 11. This decubitus lei: of the right hip of a 27 year old colored female failed to respond to a variety of therapeutic 
veasures over a period of 8 months, during which time she was bedridden. Within 1 month of treatment with tyrothricin 


here was a clearance of all necrotic exudate and at the end of 55 


days of tyrothricin treatment there was a 76.7 per cent 


ecrease in the size of the wound and the patient was ambulant. A bacteriocidal effect upon the hemolytic streptococci 
nd Staphylococcus aureus present in this case was demonstrated. 


if the infection, was not of value within the 
period it was used. 

Total serum proteins were studied with the 
objective in mind of eliminating hypopro- 
(einemia as a factor in impaired wound heal- 
ing and to follow the effect of infection upon 
hyperproteinemia. Eleven of 48 patients thus 


studied presented an initial total serum pro- 
tein of less than 6.5 grams per 100 cubic centi- 
meters, and 3, levels more than 8.0 grams per 
100 cubic centimeters; in the course of treat- 
ment the subnormal values tended to rise to 
normal and the elevated ones decreased. In 
the group of 48, a total of 6 patients showed a 


| Control | 7 days | 14 days | 22 days 
b: acteriology | | 
Number of colonies 96,000 | 3,200 | 2,100 | 12,000 
Nonhemolytic streptoc occus ° ° ° 
Staphy lovoceus aureus + | ° 
Bacillus pyocyaneus ° + + + 
\rea of wound—sq. cm. 18 16 13 4.0 
Treatment lodoform gauze | 300 mgm. tyrothricin 450 mgm + rothricin | 675 mgm. tyrothricin 


Fig. 12. Infected wound following a saphenous vein ligation. Complete disappearance of edema and exudate with re- 
duction of the size of the wound of 77 per cent resulted from 22 days’ treatment with tyrothricin. A lethal effect upon 
nonhemolytic streptococci and Staphylococcus aureus is to be noted whereas pyocyaneus organisms made their appear 
ance in the course of treatment. The patient was discharged on the 22nd day. 
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Control 


Bacteriology 


Number of colonies 121,000 
Staphylococcus albus + 
Staphylococcus aureus + 
Bacillus pyocyaneus ° 
Diphtheroids ° 
Area of wound = sq. cm 155 


lreatment Saline dressings 


3,000 mgm. tyrothricin 


14 days 42 days 56 days 
121,800 200,000 7,300 
° 
+ + ° 
+ + 
+ + 
150 go 60 


| 12,800 mgm 


9,000 mgm. tyrothricin ne 
| tyrothricin 


Fig. 13. Marked cellulitis of the lower leg and foot of a diabetic. This lesion was treated with a stronger tyrothricin 
solution (1 mgm./c.c.) which resulted in a rapid disappearance of all necrotic tissue and exudate and replacement by gran 
ulation tissue. 67 per cent decrease in the size of this large wound occurred in 56 days, at the end of which time a skin 
graft was successfully performed. A pronounced lethal effect upon Staphylococcus albus and aureus was noted. 


drop in total serum proteins of 0.5 gram per 
100 cubic centimeters, and a similar increase 
in 13 patients. The most marked cases of 
hypoproteinemia were seen in patients with 
overwhelming lesions such as eviscerated ab- 
dominal wounds, empyema, and cellulitis. 

In 48 patients studied, the icterus index 
showed a rise above normal in 2 instances. 
One was in a patient with Buerger’s disease 
who received 1,000 cubic centimeters of blood 
after a lumbar sympathectomy. The other 
Was in a patient with an infected burn of the 
trunk and arms. Neither patient showed 
clinical signs of jaundice; nevertheless treat- 
ment was discontinued. 

D. Reactions. Only 3 instances of reaction 
which could be attributed to tyrothricin treat- 
ment were seen. One was in a draining thora- 
cotomy wound following empyema; within 24 
hours after the initial introduction of 15 milli- 
grams tyrothricin in 30 cubic centimeters of 
distilled water into the pleural cavity, a gen- 
eralized maculopapular rash occurred which 
Was associated with intense itching and sub- 


sequent scaling. Treatment was discontinued 
in this case. However, 5 more chest wounds 
treated with tyrothricin showed no such com 
plications. A second reaction was seen in a 
patient treated with 225 milligrams of tyro 
thricin in 450 cubic centimeters distilled water 
over a period of 3 days. At the end of this 
time the patient’s leg became erythematous 
and warm and developed a temperature 0! 
103.2 degrees F. This condition disappearec: 
upon discontinuation of treatment. The thir 
complication was seen in a patient with a hug: 
abscess of the thigh (Fig. 9). After severa 
weeks of treatment, a maculopapular rash de 
veloped about the wound edges. Because © 
the lack of subjective complaint and the ex 
cellent response in the wound, treatment wa: 
continued. The rash eventually disappeared 
DISCUSSION 

In the selection of the type of lesion suitabl: 
for therapy with tyrothricin, the followin: 
considerations should be kept in mind: (1) I: 
the lesion an open wound? (2) Is there ade 
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Control 7 days 21 days 
cteriology 
Number of colonies 
Hemolytic streptococcus 2,000 ° ° 
Staphylococcus 6,000 32,000 3,200 
Diphtheroids ° ° rere) 
ea of wound sq. cm. 20.3 15 iS 
catment | Catheter drainage 300 mgm. tyrothricin” 3 goo mgm. tyrothricin 
lig. 14. Lung abscess in a 31 year old colored female treated by thoracotomy and tyrothricin irrigations and packs 


\ ithin 21 days the cavity was free of all exudate and lined with clean granulation tissue. 


_uate drainage? (3) Is there adequate circu- 
ition? (4) What is the bacteriological flora? 
;) How acute is the infection? 

Tyrothricin is an antibiotic which is suit- 
ible only for topical application, does not pen- 
trate tissues, is not excreted, and depends 
pon maximal local concentration for its bac- 
‘eriocidal effect. For these reasons, one can- 
not anticipate successful responses in lesions 
in which the source of infection does not com- 
municate with the surface as in small fistulous 
tracts, undrained abscesses, unopened car- 
huncles, tendon sheath infections, and other 
infected lesions beneath the parietes. Fur- 
thermore, since tyrothricin is not indefinitely 
stable at room temperature and the best re- 
sults are procured with frequent dressings, 
wounds for which it is best suited will be those 
which permit frequent changes of dressings or 
irrigations. For example, it would not lend 
itself well to a closed wound which is to heal 
by primary intention, or in the modern treat- 
ment of burns where infrequent dressings are 
regarded as desirable to minimize secondary 
infection. If a maximal local concentration of 
the drug must be maintained, it is apparent 
that the drug will be less effective when used 
solely as an irrigant. Herrell (g) found the ma- 
terial less effective in the treatment of sinusitis 
than in other lesions, but attributed the dif- 
erence to more resistance on the part of the 
Staphylococcus aureus; however, the fact that 


the drug could not be retained within the 
sinuses for a significant length of time might 
also be operative. The fact that tyrothricin is 
hemolytic when absorbed interdicts its use in 
intrapleural injections in cases of closed em- 
pyemas or in peritoneal infections, for which 
penicillin has been recommended. 


Fig. 14a. Roentgenogram of the chest after 21 days of 
treatment indicated the disappearance of the abscess. He- 
molytic streptococci were the only organisms affected. 
The patient was discharged on the 21st day, completely 
recovered. 
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! 
Control 14 days . 28 days | 36 days 

Number of colonies | 13,000 200,000 44,000 } 200,000 

Staphy lococe us aureus + | ° ° | ° 

Bacillus pyocyaneus | + ie | wre 

Diphtheroids | ° + + + 
Area of wound—sq. cm 27.5 “6 12 
reatment | Dakin’ s saline 600 mgm. tyrothricin 5,200 mgm. tyrothricin | 1,550 mgm. tyrothrici in 


Fig. 15. A 57 year ill dig abetic who had burned himself with a hot water bottle which resulted in ulcerations; these were 
refractive to a large v variety of therapeutic agents over a period of 3 months. The ulcer extended down to the fascia of the 
muscles of the leg. Satisfactory granulation of the wound began soon after tyrothricin was used, and in 36 days the pa- 
tient was discharged from the hospital with a wound which had decreased 81 per cent in area. Hemolytic streptococci and 
Staphylococcus aureus had completely disappeared but pyocyaneus and diphtheroid organisms had increased in number 


Control 14 days 29 days 56 days 

Bacteriology | 

Number of colonies | 64,000 | 3,800 200 | 200 

Hemolytic streptococcus ° ° ° 

Staphylococcus aureus | + | + | + | ° 

Bacillus pyocyaneus + + ° 

Diphtheroids + + | 

Gram anaerobe | + + ° | 

( Bacillus welchii group) | | | 

Agen of wound sq. cm | 45 4° | 25 6. 
Treatment | Saline dressings | 1,200 mgm ‘tyrothricin | 2,125 mgm. tyrothri i gee te mgm. ty rothisicit 


Fig. 16. Infection of a wound following operation for a strangulated inguinal hernia requiring a bowel resection. A 
edema and exudate had disappeared within 2 weeks of tyrothricin treatment but it required 56 days to completely gra 
ulate and epithelize the wound. The reduction in size of the wound was 86 per cent. A bacteriocidal effect upon hemolyt 
streptococci, Staphylococcus aureus, Bacillus pyocyaneus, and anaerobe of the Bacillus welchii group was demonstrate: 
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Control 13 days | 20 days 
| Left | Right Left Right Left | Right 
| cteriology | | 
Number of colonies | 1,900 | 70,000 | 1,000,000 1,000,000 | 280,000 576,000 
Staphylococcus aureus + | + + + | + ° 
Bacillus pyocyaneus ° ° + + | - 
Diphtheroids + | + | + 
ea of wound sq. cm. | 7-4 30.1 | 3.0 1.0 | 2.0 | ° 
| eatment None | None Saline 550 mem Saline soo mgm 
| tvrothricin tvrothricin 


Fig. 17. Bilateral stasis ulcers in a 62 year old negro female. The larger wound was treated with tyrothricin and was 
‘ompletely filled in by granulation tissue which required epithelization; a lethal effect upon the Staphylococcus aureus in 
this wound was shown but there was a marked increase in Bacillus pyocyaneus and diphtheroids. The smaller wound was 
treated with saline, decreased 73 per cent in size, and still contained Staphylococcus aureus at the end of treatment. 


| Control | 14 days 

Number of colonies 480,000 | 108,000 

Bacillus pyocyaneus ° + 

Treatment Amputation Débridement 4,350 mgm. tyrothricin 6,200 mgm. tyrothricin 

2,250 mgm. tyrothrycin 


Fig. 18. Infected amputation stump treated by débridement and tyrothricin. All necrosis disappeared, the denuded 
muscle was covered over by granulation tissue which produced a 55 per cent decrease in the size of the wound and spared 
the patient the necessity for reamputation. A disappearance of hemolytic streptococci and Staphylococcus aureus was 
seen whereas Bacillus pyocyaneus and diphtheroid made their appearance in the course of treatment. 
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Control | 6 days 14 days 28 days 
Right } Left Right Left Right | Left | Right Le‘t 
Bacteriology | | | 
Number of colonies 160,000 172,000 1,000,000 806,000 1,000,000+-| 51,400 | 1,000,000+ 20,000 
Hemolytic streptococcus + + + a ° | ° ° ° 
Staphylococcus aureus | + + + + ° | ° ° | ° 
Bacillus pyocyaneus ° ° + ° + | + + | + 
Diphtheroids + | + + ° + ° 
Area of wound--sq. cm | 21 13 | 22 8.6 | 0.5 | 6.1 | 9.1 2.5 
Treatment Heatlamp | 225 mgm. Dakin’s 525 mgm. | Dakin’s saline 1,300 mgm. tyrothricin 
| Dakin's sal. | tyrothricin saline tyrothricin | Dakin’s saline ¥ 


Fig. 19. Bilateral varicose ulcers which had been repeatedly treated over a period of years. The tyrothricin treated 
ulcer (right) was the larger but granulated in the same period of time as the smaller lesion. The lesions demonstrated bac- 


teriocidal effects on the same organisms. 


The surgical principles of the treatment of 
pus under pressure were adhered to in this 
study. In every instance adequate drainage 
or débridement was carried out; first, to avoid 
the destructive effects of pus under tension, 
and second, to increase surface contact be- 
tween the medicament and the wound. 


Tyrothricin was always used following such 
drainage and never in place of it. With the 
poor penetration power of tyrothricin, this 
principle will apply even more. Neither exu- 
date nor necrotic tissue appeared to interfere 
with the action of tyrothricin; in many in- 
stances areas of necrosis were replaced by 


Control 


Bacteriology 
Number of colonies 


Hemolytic streptococcus 62,800 
Staphylococcus aureus ° 
Bacillus pyocyaneus 1,200 
biphtheroids ° 
Area of wound sq. em | So 


lreatment 


Fig. 20. Popliteal abscess which was treated by incision 


|Incision and drainage) 1,750 mgm. tyrothricin 


8 days 36 days } 50 days 
121,600 | 
0,400 100 | ° 
1,300 
5,950 mgm. tyrothricin | 9,200 mgm. tyrothricin 


and tyrothricin dressings. The defect extended down to th: 


muscular compartments, but in 50 days of tyrothricin treatment, all exudate had been cleared and the wound sufficiently 
well granulated for skin grafting. Here again a bacteriocidal effect upon hemolytic streptococci and Staphylococcus aureu: 


was shown. 
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granulation tissue without the aid of débride- 
ment. 

An adequate blood supply was found to be 
as essential with this method of treating 
wounds as with all others. Every case in 
which the infected wound was associated with 
an impoverished blood supply, such as Buer- 
ver’s disease, and arteriosclerotic gangrene, 
showed clinical failure. In fact it appears that 
one of the reasons for the high rate of excellent 
results with infected postoperative abdominal 
wounds was the relatively large blood supply 
in such areas, in contrast to the relatively poor 
supply in lesions of the extremities. All this 
implies that tyrothricin can only augment the 
ability of the body to ward off an infection and 
that an adequate blood supply is necessary to 
mobilize the factors of resistance and the 
proper nutrient substances. 

It is important to determine the bacterial 
ilora of the lesion before proceeding with tyro- 
thricin therapy even though most of these in- 
lected wounds contain staphylococci. The 


nature of the predominant bacterium found 
gives some prognostic information. Our re- 
sults demonstrate the greater effectiveness of 
tyrothricin upon hemolytic streptococcus, 
Staphylococcus aureus, and the Staphylo- 


coccus albus in the order named, and little 
effect upon all others. The presence of a pre- 
dominantly gram negative infection, such as 
pyocyaneus and coliform organisms militates 
against the use of this drug. Finally, since the 
progress of the wound from a clinical point of 
view has been found to correlate well with the 
disappearance of the most pathogenic organ- 
isms, repeated bacteriological cultures would 
aid in checking the progress of treatment. 
Acute infections differ from chronic infec- 
tions in many respects which are of importance 
in the response to any treatment. Acute in- 
lections are more apt to be superficial, to be 
spread over a wider surface area, to be sur- 
rounded by less connective tissue,to contain 
exudate with pathogenic bacteria, and to pro- 
duce symptoms which attract early treatment. 
In contrast, chronic infections are usually 
more localized, surrounded by a less perme- 
able layer of granulation tissue, contain more 
necrotic tissue, are more apt to contain a 
variety of organisms and to leave the patient 
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in a debilitated condition. Upon theoretical 
grounds, then, an acute infection should re- 
spond better to treatment with tyrothricin 
than a chronic one; this was actually found to 
be true. 

From the frequency of the growth of pyo- 
cyaneus in these wounds it would appear that 
this organism, which is normally a saprophyte, 
is given a chance for greater growth after the 
streptococci and staphylococci have been de- 
stroyed. Although the organism is usually 
nonpathogenic there is evidence that it inter- 
feres with successful skin grafting. In this 
series two skin grafts which were only 50 to 60 
per cent successful had high bacteriological 
counts of pyocyaneus (Fig. 7B), while 2 
cases without significant numbers of pyo- 
cyaneus organisms had go per cent or better 
“takes” (Figs. 1 and 20). 

CONCLUSIONS 

1. Tyrothricin was used as a wet dressing in 
the treatment of 77 patients with surgical in- 
fections, the majority of which had failed to 
respond to previous methods of treatment. 
(a) Fifty of the 77 patients (65 per cent) had 
excellent clinical results. (b) Eight of the 77 
patients (10 per cent) had fair clinical results. 
(c) Nineteen of the 77 patients (25 per cent) 
had poor clinical results. 

2. Tyrothricin, when used on one of the bi- 
lateral lesions in 6 cases, produced in 5 either 
a more rapid rate of healing, less pain and exu- 
date, or a greater bacteriocidal effect than 
control measures in the contralateral lesion. 

3. Tyrothricin was most effective in hemo- 
lytic streptococcal lesions, next in those with 
staphylococcus aureus and albus. It was in 
effective when the preponderant organisms 
were gram negative. 

4. Tyrothricin appeared to encourage the 
growth of Bacillus psuedomonas, pyocyaneus, 
and diphtheroid organisms. 

5. Tyrothricin was not found to produce 
anemia or hemolysis in the type of lesions 
studied. 

6. Tyrothricin treatment was associated 
with mild skin reaction in 3 patients; these 
reactions disappeared when treatment was 
discontinued in 2 instances, and in spite of 
continuation of therapy in the third. 
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7. Tyrothricin is recommended as a non- 
toxic, noninjurious antibiotic agent for local 
use in the treatment of surgical infections, if 
these meet the following criteria: (a) the 
wound is open, (b) there is adequate surgical 
drainage, (c) there is adequate blood supply, 
(d) the predominant organisms are strepto- 
cocci or staphylococci or both. 
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THE IDENTIFICATION OF CLOSTRIDIUM WELCHII IN 
MIXED CULTURES AND DEBRIDED TISSUE AND 
DETERMINATION OF SENSITIVITY OF THE 
ORGANISM TO PENICILLIN 


GEORGE HELLER, Captain, Sn.C., A.U.S., Brooklyn, New York, MONROE E. FREEMAN, 
Major, Sn.C., A.U.S., NATHANIEL H. SHOPE, Technical Sergeant, Medical Department, 
A.U.S., ROBERT H. KINDRICK, Technical Sergeant, Medical Department, A.U.S. 


URING recent military operations 

in Europe, this laboratory received 

a large number of mixed cultures 

from the débrided tissue of battle 

wounds; the majority of these contained Clo- 

stridium welchii. Although the diagnosis of 

gas gangrene is essentially a clinical problem, 

Altemeier pointed out that dressings, casts, 

and splints make observations so difficult that 

gas gangrene developing under a cast may 

escape detection for 48 to 72 hours. Because 

of these difficulties a rapid bacteriological 

method for identifying gas gangrene organisms 

may be an aid in the management of contam- 
inated wounds. 

A number of rapid bacteriological methods 
for the identification of Clostridium welchii 
have been employed. But they have certain 
disadvantages for use in forward military in- 
stallations. The procedures of Altemeier and 
Fels depend on the production of ‘stormy fer- 
mentation” in milk. However, Reed and Orr 
as well as ourselves have found a number of 
toxigenic strains of Clostridium welchii which 
failed to produce “stormy fermentation” 
under prescribed conditions. Moreover, other 
nonpathogenic Clostridia which produce 
“stormy fermentation” are frequently found 
in wounds. 

Nagler and Hayward employed methods 
based on the splitting of insoluble fatty ma- 
terial in human serum by welchii toxin and 
the specific inhibition by welchii antitoxin. 
This test done on agar plates (5) appears to be 
quite reliable except in the presence of Bacillus 
proteus which causes a diffuse opacity thus 
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interfering with the reading of the opaque 
zone produced around the welchii colony by 
the toxin. The necessity of employing an 
overnight incubation period together with 
special anaerobic equipment and reagents 
renders this method impractical for forward 
medical installations. 

Humphreys observed that his strains of 
Clostridium welchii (50 in all) produced acro- 
lein from glycerol. Since a wide variety of 
common aerobes and anaerobes did not give 
this reaction, he suggested that this test 
might be considered diagnostic for Clostrid- 
ium welchii. Although Voisenet described a 
gram negative bacillus isolated from water 
and wine in “bitter disease’ (Bacillus ama- 
racrylus) which produced appreciable amounts 
of acrolein from glycerol, the incidence of this 
organism is rare and we have failed to en- 
counter it in several hundred specimens from 
wounds. Thus the acrolein method as de- 
scribed by Humphreys may still be considered 
diagnostic for Clostridium welchii in cultures 
of wound specimens. 

The production of acrolein from glycerol 
has been used in our laboratory as the basis 
for a rapid test for Clostridium welchii. This 
procedure depends upon: (1) the aerobic 
growth of anaerobes in a specially prepared 
medium; (2) the development of acidity which 
determines the testing time for acrolein; and 
(3) the testing foracroleinin the culture medium 
with a standardized Schiff’s reagent. It is be- 
lieved that this method is sufficiently simple 
and of short enough incubation period to be of 
value in forward medical installations. Since 
penicillin therapy is extensively used at pres- 
ent in gas gangrene, the procedure was ampli- 
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fied to include a means of determining the 
penicillin sensitivity of Clostridium welchii in 
mixed cultures and débrided tissue. The in- 
hibition of acrolein by the penicillin in the 
medium was taken as a measure of penicillin 
sensitivity. 


METHODS 


The methods of preparing the medium and 
reagents and the procedure for the detection of 
traces of acrolein, the production of which is 
specific for Clostridium welchii, are given in 
detail in the following: 


A. Medium. 


1. Mix distilled water..... 970 milliliters 
30 milliliters 
Tryptone (Bacto). . 20 grams 
Sodium chloride (C.P.). 5 grams 

2. Heat to boiling until fully dissolved. 

3. Add 5§ grams ascorbic acid (C.P.) 

4. Adjust to pH 6.8 with 5N NaOH 
(about 5.0 to 5.3 ml. is required) 

5. Add 7.5 milliliters of brom cresol pur- 
ple solution, prepared as follows: 
Distilled water. .... 99 milliliters 
NaOH. ...... 1 milliliter 
Brom cresol purple.. 100 milligrams 

6. Dispense measured volumes (100 ml.) 
in screw capped bottles, fill almost 
completely so as to give the smallest 
surface exposure to air. 

7. Sterilize in Arnold for 30 minutes on 2 

successive days. 

. Final pu should be approximately 6.8 

Final Eh should be approximately 

—0.150 volt. 

g. Add enough penicillin aseptically to 
some of the bottles of medium to make 

1 Oxford unit per milliliter. No de- 
preciation of penicillin potency in the 
medium has been observed for at least 
2 weeks when it is stored in a tightly 
screw-capped bottle and refrigerated. 

10. The medium with or without peni- 
cillin should be stored at about 5 de- 
grees C. 


B. Modified Schiff’s reagent. 


The smallest amounts of acrolein produced 
by Clostridium welchii in the glycerol medium 
were detected by a moditied Schiff’s reagent. 
In order to obtain consistent and reproducible 
results, it was necessary to standardize each 
batch of stock reagent against known concen- 
trations of an aldehyde. Satisfactory results 


were obtained with reagents that gave a neg- 
ative test (yellow color) with formaldehyde 
solution (U.S.P.) diluted 1:250,000 with the 
medium described; a faint positive test (light 
pink color) with formaldehyde at 1:125,0co 
dilution, and a strongly positive test (deep 
pink color) with formaldehyde diluted 1: 
75,000. 

The stock unstandardized solution of Schifi’s 
reagent remained stable for a month when 
stored in a glass stoppered brown bottle at 
room temperature in the dark. This solution 
was prepared as follows: 


0.25 gram of basic fuchsin was dissolved (by heat 
ing if necessary) in 100 milliliters of distilled water 
and cooled to room temperature. Small insoluble 
residues were discarded. Fifty milliliters of freshly pre- 
pared 4 per cent sodium sulfite and 4 milliliters of 
concentrated hydrochloric acid were added immed- 
iately. Distilled water was added to a total volume 
of 250 milliliters. After standing 5 minutes at room 
temperature, the solution was filtered rapidly through 
a large fluted filter paper. 

Sensitivity of the stock solution could be affected 
by varying the concentration of basic fuchsin or 
sodium sulfite. The most satisfactory standardized 
solutions were obtained by determining the amount 
of concentrated H.SO,s necessary to be added to 
stock solution to give the reactions mentioned above 
with the given concentrations of formaldehyde in 
medium. The requisite amount of sulfuric acid was 
determined for each batch of unstandardized re- 
agent. Standardized stock solution was found to be 
unstable. It was necessary to add the required 
amount of concentrated H.SO,4 to stock solutio. 
sufficient only for the tests at hand. 

The titration method employed for the standard- 
ization of stock reagent was as follows: 

The formaldehyde-media solutions were made by 
the usual methods of serial dilution. One milliliter of 
formalin (37-40% formaldehyde U.S.P.) was pi 
petted into 9 milliliters of medium and thoroughly 
mixed. One milliliter of this solution was pipetted 
into g milliliters of medium etc. Dilutions of 1: 
30,000, 1:50,000, and 1:100,000 of formalin in med 
ium were chosen. These dilutions of formalin cor- 
respond to formaldehyde concentrations of approx 
imately 1:75,000, 1:125,000, and 1:250,000, respec 
tively. 

To adjust the stock solutions to optimum sensitiv 
ity for tests, 0.075 milliliter of concentrated H.SO, 
was added to a 10 milliliter portion of the stock so- 
lution of Schiff’s reagent. One milliliter of this 
acidified reagent was added to 1 milliliter of each of 
the formaldehyde-medium dilutions and allowed to 
stand for 20 minutes. If this amount of sulfuric acid 
produced the optimum sensitivity, the 1:250,000 
formaldehyde-medium dilution remained negative 
(vellow color); the 1:125,000 formaldehyde dilution 
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TABLE I.—RESULTS OF TESTS FOR THE IDENTIFICATION OF CLOSTRIDIUM WELCHII 


IDENTIFICATION OF CLOSTRIDIUM WELCHII 


AND ITS 


SENSITIVITY TO PENICILLIN 


Methods of identifying Clostridium welchii 


Acrolein test 


Routine 
cultural 


methods® 


Nagler 
test? 


Number of 
specimens 
cultured 


Type of 
specimen 
cultured! 


Tube No. 1 Tube No. 2 


Plain 


cates 1 Oxford unit 


Penicillin per ml 


Number 
negative 


Number 

positive 
Mixed 

cultures 


Tissue 


Pure cultures 


Plain medium with 


Number 
positive 


| 
| | Other 
| organisms 
present? 
Average No 
hrs. incubated 
before 
testing 


Number 
welchii 
contirmed 


Number 
positive 


See notes 


None 


\Mixed cultures were secondary transplants of wound tissue cultures. 
Pure cultures of Clostridium welchii were isolated from tissue cultures 
and sent to laboratory for confirmation. Tissues were débrided tissue 
irom wounds. 

*Nagler test: Pp ne Clostridium welchii produce marked zones of 

pacity around colony on 20 per cent human serum proteose No. 3 

Bacto) agar plates which do not appear when welchii antitoxin is 

esent. 
vs ‘After Reed and Orr, based on cultural and biochemical characteristics. 

‘Combinations of 2, 3, or 4 other aerobes and anaerobes found in mixed 
cultures and tissue cultures. 

°42 of the mixed cultures were negative for Clostridium welchii by all 
tests indicated in Table I. 


became pale pink, and the 1:75,000 dilution became 
deep pink in 20 minutes. If the 1:250,000 formalde- 
hyde tube turned pink in 20 minutes, the reagent was 
too sensitive and a new trial was made using more 
concentrated sulfuric acid (e.g. 0.1 ml.) in 10 milli- 
liters of stock reagent. If both the 1:250,000 dilution 
and the 1:125,000 dilution remained yellow, the re- 
agent was not sensitive enough, andasmaller amount 
of sulfuric acid was tried (0.05 ml. conc. H2SO,4 to 10 
ml. of stock solution). 


(. Procedure for identifying Clostridium welchii 
and determining its sensitivity to penicillin. 


1. Two milliliter portions of the medium, 
with or without penicillin, were pipetted into 
sterile Wassermann tubes just before use. 
Two tubes were used for each specimen. Tube 
| contained the plain medium, tube 2 con- 
tained the medium with 1 Oxford unit of pen- 
icillin per milliliter. A control tube was in- 
cluded with each batch of tests. This con- 
sisted of uninoculated medium which was 
used in order to check the sensitivity of the 
stand rdized reagent used in the test. 

2. Tubes 1 and 2 were inoculated with ap- 
proximately the same amounts of inoculum 
and mixed carefully without introducing bub- 
bles. The inoculum consisted of 5 to 10 milli- 


63 of the tissue cultures were negative for Clostridium welchii by all 
tests indicated in Table 

7Includes 4 doubtful results due to presence of Bacillus proteus which 
produced difiuse opacities over entire plates 

SOrganisms identified by routine cultural methods were: Staphylo 
coccus albus and aureus; Streptococcus hemolyticus, also viridans and 
nonhemolytic varieties; Bacillus proteus; Bacillus subtili s; Esc herichia 
coli; Aerobacter aerogenes; Klebsiella friedlanderi; dip htheroid s; Clo 
stridium sporogenes, bifermentans, aerofetidum, tetanomorp thum, un 
identified nonpathogenic clostridia, oedematiens, septicum, histoly ticum 
sordellii, tetani 


meter pieces of freshly excised tissue, blotted 
free of blood, or 0.1 milliliter of mixed or pure 
freshly grown culture. 

3. Tubes 1, 2, and the blank control were 
incubated aerobically at 37 degrees C. and ob- 
served at hourly intervals until sufficient 
growth had occurred to produce an acid reac- 
tion. The time for testing for acrolein was 
determined by the development of a decided 
yellow color in tube This averaged 4 to 6 
hours. 

4. Following the necessary period of incu- 
bation, the tubes were centrifuged at 2500 
revolutions per minute for 5 minutes. One 
milliliter of supernatant liquid was decanted 
from each tube into clean sterile tubes and 
labelled. One milliliter of “standardized” 
Schiff’s reagent was added to each tube and 
mixed well. The tubes were shaken occasion- 
ally and observed for development of pink to 
purple color at the end of 20 minutes. 


RESULTS 
Clostridium welchii were identified in mixed 
cultures, pure cultures, and tissue by: (a) the 
acrolein test described herein, (b) the Nagler 
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Tube 


Control 
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TABLE II.—RESULTS AND INTERPRETATION OF THE ACROLEIN TEST FOR CLOSTRIDIUM WELCHII 
AND ITS SENSITIVITY TO PENICILLIN 


Type of supernatant 


Media 


Inoculum 


Plain None 


Plain mixed culture 
or tissue 


mixed culture 
1 Oxford unit of or tissue 
Penicillin per 1 


of plain medium 


Pure culture or 
Pure culture or 


Pure culture 


Color! 
reaction 
with Schifi’s 
reagent 


Pink to purple 


Interpretation 


Presence of 
Clostridium 
welchii 


Sensitivity to 
penicillin 


Remarks 


Yellow 


Pink to purple 
ellow 


Yellow 


Pink to purple 


Mixed culture 


Pink to purple 


Present 


_Absent 


Present 


Present 


Present 


Sensitive 


Resistant 


Undetermined? 


Reagent satisfactory 


Reagent must be re- 
standardized and 
test repeated 


(Provided that Tube 1 
is pink to purple) 


or tissue 


‘The presence of any shade of color from pink to purple is regarded as 
a positive test for acrolein, provided that the uninoculated control re- 
mains yellow during the prescribed 20 minutes. 


test, and (c) routine cultural methods, as 
shown in Table I. All cultures of specimens 
which were found to contain Clostridium 
welchii by the Nagler test and the routine 
cultural methods gave a positive test for acro- 
lein in the glycerol media, after approximately 
4 hours’ incubation. Cultures that proved to 
be negative for Clostridium welchii by the 
Nagler test and the routine cultural methods 
failed to produce acrolein in glycerol media 
after 24 hours’ incubation. In glycerol med- 
ium containing 1 Oxford unit of penicillin per 
milliliter, 95 of the 1o2 cultures containing 
Clostridium welchii gave a negative test for 
acrolein. In order to correlate the inhibition 
of acrolein production with penicillin sensi- 
tivity, 10 pure cultures of Clostridium welchii 
obtained from the group of 95 were also tested 
by the filter paper disc method of Vincent and 
Vincent. The results obtained from these 
tests showed that the growth of all strains of 
welchii tested were inhibited by the penicillin 
in blood agar plates. It would appear that in- 
hibition of acrolein production could be used 
as an indicator of the penicillin sensitivity of 
Clostridium welchii. 

Seven of the remaining mixed cultures when 
tested in glycerol medium containing peni- 
cillin gave a positive reaction for acrolein. 
However, when the pure cultures of Clostrid- 
ium welchii from these seven mixtures were 


2Clostridium welchii may be resistant to penicillin or it may be sensi- 
tive. In the latter instance the positive acrolein reaction may be due to 
destruction of penicillin by other organisms present. 

Actual sensitivity must be determined in the above test with a pure 
culture. 


likewise tested, they gave a negative reaction 
for acrolein. Furthermore these pure cultures 
were inhibited by 1 Oxford unit of penicillin 
per milliliter of blood agar (filter paper disc 
method of Vincent and Vincent). This positive 
reaction for acrolein in the mixed cultures 
might be explained by the presence of Es- 
cherichia coli or Bacillus subtilis either alone 
or in combination (See Table I). These or- 
ganisms have been described as penicillinase 
producers by Ungar and Bondi and Dietz (2, 
3). While we did not test for the production of 
penicillinase per se, these results would indi- 
cate that such substances were produced in 
the mixtures, destroying the penicillin in the 
medium and thus permitting the Clostridium 
welchii to proliferate and split the glycerine 
to acrolein. The inactivation of penicillin in 
mixed cultures by nonpathogens suggests that 
a similar action may occur at the wound site if 
contaminated with the same type of bacteria! 
flora. It should be noted however that over 
93 per cent of the mixed cultures containing 
Clostridium welchii in penicillin medium gave 
a negative reaction for acrolein, indicating 
that most of the nonpathogens encountered 
were probably nonpenicillinase producers. 
The degree of penicillin sensitivity was fur- 
ther demonstrated by the following method. 
A pure culture of Clostridium welchii in 
chopped meat broth or Brewer’s thioglycol- 
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late medium was tested in the same manner. 
As a control, the filter paper disc method of 
Vincent and Vincent was run. Freshly grown 
cultures were inoculated into portions of 
medium containing serial dilutions of peni- 
cillin so that the final concentrations of drug 
were 1 Oxford unit, 0.5, 0.25, 0.125, 0.06, 
0.03, 0.015 unit per milliliter of medium. Final 
concentration of inoculum was 1:100. A tube 
of medium without penicillin was also inocu- 
‘ated with the same amount of culture. An 
ininoculated blank control was run as part of 
the test. All the tubes were incubated and 
tested for acrolein as soon as the plain medium 
culture had turned deep yellow. The incuba- 
tion period was usually about 5 hours. The 
smallest concentration of penicillin which in- 
hibited the formation of acrolein was con- 
sidered as an indicator of the degree of sensi- 
tivity of the test organism to penicillin. 
Tests of 10 strains of Clostridium welchii 
for relative sensitivity to penicillin by the 
method described showed that 1 strain was 
sensitive to 0.03 unit of penicillin, 3 strains 
were sensitive to 0.06 unit, 3 strains were sen- 
sitive to 0.12 unit, 2 strains were sensitive to 
0.25 unit, and 1 strain was sensitive to 0.5 
unit of penicillin. Two of the strains tested 
(sensitive to 0.06 unit and 0.25 unit, respec- 
tively) were retested on two other occasions 
with the same results. Since an extensive 
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series of tests have not been carried out yet, 
no attempt has been made to estimate the 
limits of experimental error in this technique. 

Interpretation of the results of the test 
given is contained in Table ITT. 


SUMMARY 


1. A method is described for the identifica- 
tion of Clostridium welchii in mixed cultures, 
pure cultures, and wound débridement which 
requires no anaerobic apparatus and is com- 
pleted in an average of 4 to 6 hours. 

2. The test depends on the production of 
acrolein which in this case is considered diag- 
nostic for Clostridium welchii. 

3. A procedure is also given for determining 
the penicillin sensitivity of Clostridium wel- 
chii in the above types of cultures. 
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HE cure of vesicovaginal fistulas has 
always excited the ingenuity and 
taxed the skill of the surgeon. 
Within this class of cases, those 

fistulas which are the result of radiation thera- 

py, usually to the cervix or uterus, constitute 

a peculiarly difficult problem. There are sev- 

eral reasons for this: 

First, the blood supply of the tissues 
locally is precarious as a result of the vascular 
radiation damage. Indeed, this is the main 
underlying cause of the fistula. Further, 
trauma may well produce more sloughing and 
any efiort by the surgeon to correct the con- 
dition may end in a larger fistula and more 
fibrosis. Even if no actual slough occurs, 
healing of heavily radiated tissues is notori- 
ously uncertain. 

Second, such excessively fibrosed tissues 
are usually quite inelastic. This fibrosis 
extends for a few centimeters, at least, from 
the opening proper, and very often the whole 
area is massively affected. In methods where 
coaptation of the fistula edges is necessary, a 
recognized sine gua non to success is the ab- 
sence of tension. Coaptation is difficult in the 
postradiation case and may be impossible. 

Third, the fibrosis itself makes dissection 
very difficult, particularly if it is desired to 
raise several flaps for a multilayer closure. 
Postradiation fistulas often have very thin but 
very tough edges. 

Fourth, one, or both, of the ureteral oritices 
are frequently within the fistula margin. In 
our cases, the left ureteral orifice was within 
the fistula wall in every one, and the right 
orifice always very near it. In such instances, 
to raise flaps or cut off the inner edge of the 
fistula would cut off at least one ureter and 
necessitate reimplantation of one or both 
ureters into a new portion of the bladder—a 
procedure adding greatly to the difficulty and 
length of the operation. Furthermore, after 
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RADIATION 


heavy radiation fibrosis (and its associated 
infection) it may be nearly impossible to dis- 
sect up the ureter for reimplantation (as in 
our Case 2). 

Our 3 patients all had vesicovaginal fistulas 
as the result of therapy for cervical cancer. 
All were heavily radiated with both radium 
and x-ray. In each instance, the upper vagina 
and parametrial tissues were tough and in- 
elastic, like heavy leather. The fistula margins 
were thin and fibrous. One patient had been 
seen by various consultants for 8 years all o/ 
whom had agreed that no method of closure 
could succeed for the reasons just enumerated. 


DESCRIPTION OF OPERATION 

Through a suprapubic incision, the space ot 
Retzius is entered. The bladder is identified 
and, after the peritoneum has been pushed 
upward off the dome, a liberal cystotomy is 
carried out in the higher portions of the ex- 
posed bladder wall. The high position is 
chosen so that at closure the cystotomy 
catheter will be placed away from the sym- 
physis, at a distance from the urethra and 
also from the site of the fistula repair. Closure 
at the desired later time occurs more rapidly 
with a high cystostomy than with one 
placed low. The interior of the bladder is 
exposed by retractors, and the fistula is in 
spected from above. Ureteral catheters arc 
inserted since, by knowing exactly where the 
ureteral orifices are, damage to them can be 
completely avoided throughout remainder of 
the operation. The only sutures used in their 
vicinity are placed there under direct vision. 

One of the assistants puts his finger in the 
rectum and pushes the posterior vaginal 
mucosa up against the fistula. A long handled 
scalpel with a small blade is used to mark out, 
transvesically, the pattern of posterior vag- 
inal mucosa corresponding to the size, shape, 
and location of the fistula opening. The 
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ig. 1. Appearance through the suprapubic cystotomy 


‘eteral catheters are left in place and sterile 
~apes are placed over the suprapubic wound. 
The patient is now arranged in the litho- 
my position and the vagina and perineum 
are prepared and draped. The interior of the 
agina is exposed and the upper third is de- 
cuded of its mucosa by sharp dissection except 
that the previously outlined patch on the pos- 
terior vaginal wall is left undisturbed. Moder- 


ate bleeding is encountered, but with the 
exception of a few easily identified larger 
vessels which are ligated with plain catgut, 
bleeding usually ceases spontaneously, or after 


brief packing. The posterior third of the 
vagina to a point about 2 centimeters in front 
ol the fistula is now a raw surface except the 
previously noted patch. The external edges of 
this excision are sutured together with inter- 
rupted chromic catgut transversely (parallel 
with the operating room floor), the anterior 
vaginal mucosa being sutured to the posterior 
mucosa at the margin of the dissection. Inter- 
rupted sutures are used so that some drainage 
may occur between the sutures from the fairly 
large raw surfaces above. No drain or vaginal 
packing is used. 

The patient is then returned to the original 
dorsal position. With a long needle holder and 
long toothed forceps, interrupted chromic cat- 
gut sutures are placed at 1 centimeter inter- 
vals through the full thickness of the fistula 
margin about 0.5 centimeter from the actual 
edge of the opening and through the edge of 
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Fig. 2. Sagittal section showing how the posterior vag 
inal wall is pushed up against the fistula. 


the posterior vaginal wall patch. Four to six 
such sutures are usually required. At the 
posterior edge of the opening, there is usually 
a small area not requiring sutures because that 
edge of the patch is usually continuous with 
the fistula edge without any pocket  inter- 
vening. If such a pocket were present, the 
suturing would be continued all around. Dur- 
ing this suturing, the ureteral orifices are 
always in complete view, and care is taken not 
to place sutures too close to them. These 
sutures are tied just tight enough to make the 
patch and fistula edges touch because any- 
thing more than this might injure blood supply 
and allow cutting through of the sutures. In 
this manner, the patch is accurately fitted in 
place to form a floor to the fistula which is 
only barely depressed below the general level 
of the bladder base. 

The cystotomy is closed with a continuous 
plain catgut suture through all layers of the 
bladder wall. This suture line is then inverted 
with interrupted chromic catgut mattress 
sutures through the outer layers of the wall. A 
mushroom type catheter, No. 22 to 28 size, 
French, is placed in the highest portion of the 
incision. Just above the site of the catheter, a 
chromic catgut suture is passed through the 
bladder wall, avoiding the mucosa, and each 
end is then put through the recti and fascia at 
a slightly higher level. When this suspending 
suture is tied, during the closure of the ab- 
dominal wall, the cystostomy site is thus held 
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Fig. 3. 
Fig. 3. Vaginal view after patch has been outlined from 
above. 
Fig. 4. Beginning removal of the vaginal mucosa. 


high and against the recti. Also, some bulwark 
is created to hold the peritoneum away from 
this newly formed fistula tract. The wound is 
closed in routine fashion and the catheter is 
securely fastened to the skin with adhesive. 
Upon return to bed, the patient is kept 


abdomen down as long as she will tolerate it, 
up to 10 days. The suprapubic tube is very 
gently irrigated with solution G! twice daily, 
or more often if necessary, to insure its patency 
—solution G decreases precipitation of urin- 
ary salts in the tube or in the suture line. 
Under no circumstances is this tube closed 
even for a short while. The addition of low 
pressure, “ bubble’’, suction is, we believe, an 
advantage. If the patient cannot tolerate the 
prone position, the * bubble” suction is prob- 
* ly adequate if cared for. This low pressure 
suction is continued for over 2 weeks after 
operation and the patient is then placed on 
straight drainage for 2 days. After this, the 
tube is removed and voiding usually begins in 
a few hours. After the suprapubic area has 
been dry for 24 hours, the patient is discharged. 
During the convalescence, a daily gentle flush 
of the vaginal vestibule is done with a mild 
antiseptic. Care is taken to introduce nothing 
against the vaginal suture line which might 
Citric acid (monohydrous) ..32.3 gm. 
Magnesium oxide (anhydrous) 3.8 gm. 


Sodium carbonate (anhydrous) 4-4 gm 
Distilled water ad 1000 €.€. (10) 


Fig. 4. Fig. 5. 
Fig. 5. Transverse closure of external margins of excision. 
Patch still in place. (Actually the excision of vaginal 
mucosa is somewhat more extensive than illustrated.) 


separate it. The catgut vaginal sutures, also 
those in bladder, come out spontaneously. 

We hope that it is readily apparent from the 
description given that there are two suture 
lines plus an adhering area of raw surfaces at 
least 2 centimeters wide closing the fistula. 
The safety from damage to the ureters should 
be stressed. Adequate bladder drainage with 
out a urethral catheter is of great importance, 
particularly during the healing period. In our 
cases, the uterus and cervix already were 
either removed or obliterated by radiation 
but, if there were any question of continued 
uterine function, a hysterectomy would be 
necessary before this operation could be 
done. 


CASE REPORTS 


CasE 1. Mrs. A. P. No. 70622. This 34 year oli! 
female first entered Memorial Hospital on May 20. 
1943, With cancer of the cervix classified as League o' 
Nations, stage II, because it extended into the le!! 
parametrium a short distance. It was freely mov: 
able, however. A biopsy showed epidermoid ca: 
cinoma, grade II. 

The patient was treated by what was the routin 
treatment for cancer of the cervix at that time. Th 
consisted of roentgen therapy, 250 r to a large 14 b 
19 centimeter anterior port the first day, a simila 
treatment toa 14 by 19 centimeter posterior port th 
second day, and two treatments of 250 r each to 1 
by 11 centimeter right and left lateral ports the thir 
day. The cycle was repeated until each port ha 
received 1750 r. The factors were 200 kilovolts, peak 
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3 millimeter copper filter, 70 centimeter target skin 
stance, 30 milliamperes. On conclusion of the 
‘ternal roentgen therapy, treatment was given to 
1 .e cervix through vaginal cones. This consisted of 
, treatments of 500 r each through a 4 centimeter 

ne to the cervix direct and 4 treatments of 750 r 

ch to each fornix through 3.5 centimeter cones. 

1e treatment was given daily. The factors were 

.o kilovolts, peak; 0.25 millimeter brass filtration, 

id 35 centimeter target skin distance, 5 milli- 

nperes. 

Twelve days after this treatment was finished, a 6 

ntimeter plastic applicator containing 104 milli- 

iries of radon was inserted into the cervix for a dose 

3600 millicuries hours. The filtration was 0.5 

illimeter platinum plus the wall thickness (1 mm.) 

the plastic applicator. Unfortunately, this was 

it sufficient to control the cancer, for 2 months 
ter the insertion of the radium persistence or 
currence was noted and confirmed by biopsy. 

On October 22, 1943, a ‘‘stem and base”’ radium 

yplicator was applied for 1000 millicuries hours, all 

ec radon being in the base. Also, a single capsule 
as packed into left vault for 750 millicuries hours. 

In spite of this treatment, a biopsy on January 3, 

144, showed active cancer. The cervix was still 
somewhat movable and the parametria were still 
not widely invaded with carcinoma. On February 4, 

044, a radical Wertheim hysterectomy was done. 
)peration was rendered difficult by the edema and 
brosis in the bases of both broad ligaments and 
tween the trigone and vagina. Great care was 
iaken to cause as little trauma as possible to the base 
of the bladder. 

Postoperatively, a pack of zinc peroxide was 
placed daily against the suture line closing the va- 
vina. In spite of this care, the upper vagina parted 
and a large cavity lined with necrotic tissue appeared 
in the area previously occupied by the uterus. The 
cavity slowly cleaned up and decreased in size, but 
the base of the bladder remained white. A small 
rectovaginal fistula appeared and then healed spon- 
taneously. Two months after the radical hysterec- 
tomy, the white area in the bladder trigone separated, 
and the patient developed a large vesicovaginal 
fistula. It was so large that the index finger could be 
introduced with ease into the bladder through it. 

The fistula was observed at frequent intervals 
from then on and various plans devised to try to 
diminish the leakage. A rubber condom was packed 
with cotton and inserted daily by the patient to try 
to stop the leak mechanically. This did not help. A 
contraceptive pessary was fitted to try to occlude the 
opening, again without improvement. 

Thirteen months after the radical hysterectomy 
and 11 months after development of the vesico- 
vaginal fistula, after three biopsies from the edge of 
the fistula had shown no carcinoma, the above 
described operation was carried out on March 1, 
1045. The patient was kept flat on her abdomen in 
bed for 2 weeks, then gradually allowed to resume 
normal activities. A little urine leaked from the 


Fig. 6. Cystotomy view showing fistula edges sutured to 
patch. 


vagina postoperatively on one or two occasions when 
the suprapubic tube was kinked or plugged. 

She was discharged from the hospital 3. weeks 
after operation and has remained dry and free of any 
evidence of cancer since (8 months). Urinary control 
is normal. The result of the operation was a matter 
of intense joy and satisfaction to the patient. 
Repeated cystoscopic examinations clearly showed 
the patch of vaginal mucosa and on two occasions, 
thin, friable, white concretions were seen on its 
surface and scraped away with biopsy rongeurs. 

The patient has had repeated sexual intercourse 
since her operation and, in spite of the shortening of 
the vagina which measures little more than 5 centi- 
meters in length, reports satisfaction both to herself 
and husband after some adjustment. 

Intravenous pyelograms made before the radical 
hysterectomy showed no hydronephrosis. After 
operation, they showed considerable hydronephrosis, 
most marked on the right side. This gradually 
diminished over the next month. Unfortunately no 
pyelogram was made immediately before the plastic 
closure of the fistula, but a recent intravenous pyelo- 
gram 8 months after this operation shows normal 
kidney function and no dilatation of the ureters. 

CasE 2. Mrs. E. B. No. 52286. This 31 vear old 
patient first entered Memorial Hospital on Septem- 
ber 17, 1936, complaining of a foul-smelling, watery 
vaginal discharge first noticed 6 months previously 
during her third pregnancy. Examination revealed 
a large fungating carcinoma of the cervix, graded II 
on biopsy. It did not extend into the parametria and 
was classified as League of Nations stage I. 

She was treated with external roentgen therapy to 
six 10 by 14 centimeters pelvic ports from September 
21, 1936, to October 10, 1936, each port receiving 
first 100 r, then 150 r, 200 r, 250 r, 300 rand 350F, for 
13501r per port. The factors were 200 kilovolt peak, 
0.5 millimeter copper filter, 70 centimeter target skin 
distance, and 30 milliamperes. On October 26, 
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Fig. 7. Sagittal section showing end-result. (Cystotomy 
tube not illustrated.) 


radium in a vaginal applicator (bomb) was placed 
against the cervix for 1500 millicuries hours. The 
next day a radium tandem was inserted into the 
cervical canal for 3000 millicuries hours. The filtra- 
tion of both of these applicators was the equivalent 
of 0.5 millimeter of platinum. 

On subsequent follow-up visits, it was noted that 
fluid accumulated inside the uterine cavity which 
gradually became purulent and foul. Dilatation of 
the cervix failed to provide adequate drainage and 
she became chronically ill by the prolonged sepsis. 

Finally, as a palliative procedure on February 27, 
1037, 4 months after radium treatment, a supra- 
cervical hysterectomy was performed, the dilated 
fundus which by then was a very foul sac of pus, 
being removed. During the operation, an attempt 
was made to dissect the base of the bladder off the 
cervix but this was abandoned because of the edema 
and fibrosis encountered. Most of the cervix was 
left in situ, a cigarette drain being passed down 
through its center into the vagina. No cancer was 
found in the operative specimen. 

Postoperatively, a large abscess formed in the 
posterior cul-de-sac which began to discharge through 
the cervix a month after operation. 

In May, 1037, she was hospitalized elsewhere 
because of acute abdominal pain, dysuria, and gross 
hematuria. While there, she had an acute vaginal 
hemorrhage and developed both rectovaginal and 
vesicovaginal fistulas. From then on, her general 
condition began to improve greatly so that in 
November, 1937, it was noted she looked well and 
had no complaint save for constant leakage of urine. 

She was seen at frequent intervals in the follow-up 
clinic without developing any sign of recurrence of 
the cancer. Save for occasional bouts of cystitis, 
with some bleeding at times, she remained well. 
Frequent consultations were held as to the possibility 
of closing the fistulas, but it was generally agreed 
that any procedure toward this end was not feasible. 

Finally in September, 1945, 8 vears after the 
fistulas developed and after we had seen the success 
which attended the operative treatment of our first 
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case, she was admitted again with the hope of pe: 
forming a similar procedure. 

Examination showed as in the first case a fistula o 
the anterior wall of the vagina at its apex throug 
which the tip of the index finger could be inserte | 
into the bladder. Introduction of methylene bh 
into the rectum showed it to pour out through t! 
same opening. A barium enema done under fluor 
scopic guidance with a thin barium solution show: 
this fistulous opening communicating with the mic - 
sigmoid. Intravenous pyelograms demonstrated 4 
left hydronephrosis and hydroureter. 

On September 13, 1945, the patient was operate:| 
upon as here described. Two observations should be 
made on this procedure; first, that it was necessary 
to open the abdomen and disconnect the sigmoi| 
from the base of the bladder. The fistulous tract was 
turned in and closed by three layers of sutures in the 
wall of the bowel. The bladder defect could not be 
so treated because of the extensive fibrosis and con- 
sequently it was closed with interrupted sutures 
placed on the posterior side (i.e. in the cul-de-sac) 
The cervix was not seen. 

The second point of note was that there was 
hydroureter of the left ureter which emptied through 
a tiny opening into the left lateral wall of the fistula. 
This opening could not be dilated sufficiently to 
allow the introduction of a fine probe or of a ureteral 
catheter and consequently only the right ureter was 
catheterized. An attempt was made to dissect the 
left ureter free and reimplant it in the bladder. There 
was such marked radiation fibrosis of the ureter all 
along its course in the pelvis that it could not be 
separated safely, and the attempt was abandoned. 

The patient was kept on her abdomen for 8 days 
after operation. When she was allowed to turn on 
her back after that time, urine began to leak through 
the vagina. Finally with the help of constant gentle 
suction on the suprapubic cystotomy tube, she was 
kept dry and healed solidly. A brief febrile episode, 
due to left pyelonephritis, cleared with penicillin 
therapy. She was discharged from the hospital on 
the thirty-eighth postoperative day. 

Since then she has remained well and complete!\ 
dry with normal control of urine. The vagina is 6 
centimeters deep and completely healed. Cyst 
scopic examination shows the patch to be covered |) 
a small amount of white, easily removed exudat 
Intravenous pyelogram shows no change compar 
with the examination before operation. The patie 
has had sexual intercourse since operation. 

CaseE 3. M.C. No. 72338. This 45 year old patie: | 
first entered Memorial Hospital on November - 
1943, With cancer of the cervix classified as League 
Nations, stage III, because it extended in the k 
parametrium to the pelvic wall with fixation on th 
side. 

She had been treated at another hospital on Mar 
21, 1943, With 2000 millicuries hours of radium in 
capsules inserted into the cervical canal. This 
repeated on May 9. In October, vaginal bleedi: 
recurred and at the same hospital on October 2 
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2000 millicuries hours of radium was administered 
for the third time. 

Since a biopsy on admission to Memorial Hospital 
showed epidermoid carcinoma, grade II, roentgen 
therapy was begun on December 3 and continued 
until January 4, during which time each of six 14 by 
11 centimeters pelvic ports received 250 r times 8, or 
2000 r. The factors were 200 kilovolt peak, 0.5 
millimeter copper filter, 70 centimeter target skin 
distance, and 30 milliamperes. On January 13, 1944, 
a vaginal bomb was placed against the cervix for 
1500 millicuries hours. On January 14, a radium 
tandem was inserted into the cervical canal for 3000 
millicuries hours. 

Three months later it was noted that the cervix 
had been replaced by a large crater filled with foul- 
smelling slough. 

On January 31, 1945, a year after her last radium 
treatment, a large vesicovaginal fistula at the upper 
end of the vagina was seen but all evidence of cancer 
had disappeared save for thickening and scarring in 
the left parametrium. She complained of complete 
urinary incontinence. Biopsies from the edge of the 
jistula showed no evidence of cancer. 

Consequently, on September 27, 1945, a year and 
, months after the last radium treatment, the fistula 
was repaired by the technique already described. 
rhe left ureter, as in the other 2 cases, was found 
opening into the margin of the defect, but no evi- 
dence of hydronephrosis or hydroureter could be 
demonstrated by intravenous pyelography preopera- 
tively. The operation was somewhat easier than 
those in the other 2 cases because the tissues of the 
bladder and vagina were more elastic and had a 
better circulation. The uterus was still present. A 
hysterectomy had not preceded the fistula repair but 
the uterine canal and cervix had been completely 
destroyed by the radium she had received. 

Postoperative convalescence was uneventful and 
no urine came from the vagina at any time. She was 
allowed out of bed on the fifteenth postoperative 
day. The suprapubic catheter was removed on the 
seventeenth day. She was discharged dry, with 
complete urinary control on the twenty-third day 
after operation. 

A month and a half later, cystoscopy showed the 
patch of vaginal mucosa in the base of the bladder to 
be clean, pale and not inflamed. The vagina was 
about 4 centimeters in length and the patient re- 
ported that she had had sexual relations satisfactor- 
ily without discomfort. Intravenous pyelograms 
showed that both kidneys excreted the dye at 5 
minutes. There was no evidence of obstruction in 
either ureter. There were still some thickening and 
scarring felt by rectum in the base of the left broad 
ligament, but the clinical opinion was that this 
represented radiation fibrosis and not recurrent 
cancer. 

DISCUSSION 


This method of closure was devised without 
reference to published articles on the subject 


Fig. 8. Diagram of low pressure, ‘“bubble,”’ 
drainage. 


suction 


but, as commonly happens, we now find that 
many of its individual features have been used 
and described before. However, the plan of 
attack as a whole seems original. Such time- 
honored principles as lack of tension, preser- 
vation of blood supply, separated suture lines 
and a wide area of coapted raw surfaces are 
included. The operation of colpocleisis, par- 
tial or total, is old but is at times still advised 
(1, 2, 3, 4, 5, 6). It was devised first by 
Gustav Simon, of Darmstadt, in 1855 and 
later by Dr. Nathan Bozeman, of ow V ork. 
Simon’s operation of colpocleisis left the uterus 
emptying into the bladder and also left a 
dependent diverticulum in the bladder floor. 
Cystitis and calculus formation were common 


‘sequelae. Latzko improved this operation and 


incidence of these sequelae are less in his hands. 

Our operation does not leave the uterus 
emptying into the bladder at all since the 
uterus has been removed or destroyed by 
radium, nor does a diverticulum result. Thus 
far no calculi have formed, the patients have 
not been troubled with cystitis symptoms 
after the immediate postoperative period, and 
repeated cystoscopic check-ups have found a 
steady diminution in the inflammatory re- 
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action about the patch site. Complete obliter- 
ation of the vagina may be necessary rarely 
but has the objection of excluding normal 
sexual activity—not uncommonly an impor- 
tant item with these patients. The partial 
obliteration resulting from our procedure has 
in each instance left a vagina of 4 to 6 centi- 
meters in length and all patients have had 
sexual relations since operation, though some 
adjustment was necessary. 

The idea of using a patch of tissue from the 
posterior vaginal wall is also by no means new. 
Trendelenburg, in 1890, described a two stage 
operation on the pedicle graft principle to 
transfer a patch from the posterior vaginal 
wall to cover the fistula in the anterior wall. 
J. R. Miller in the discussion of another paper 
mentioned a case with a ‘blowout patch”’ of 
vaginal mucous membrane closing the fistula. 
This operation by Miller was very nearly like 
ours but apparently the suprapubic approach 
was not used. Witzel described the use of a 
patch of mucosa from the posterior vaginal 
wall sewed into the fistulous opening but did 
not accompany this by partial colpocleisis. 
The suprapubic approach has been described 
and perfected many times since Trendelen- 
burg first advocated it in 1890. Catheteriza- 
tion of the ureters during operation is, of 
course, not original. In this connection, it 
might be well to remember that the only 
patient operated upon in London by the 
famous J. Marion Sims died because the ure- 
ters were included in the sutures (8). Various 
methods, including cystostomy, have been 
used to provide adequate drainage postopera- 
tively. The indwelling urethral catheter rests 
on the newly repaired area and always sets up 
some urethral inflammation, but a well placed 


and cared for cystostomy tube does neither of - 


these. Many plans for constant emptying of 
the bladder have been devised but the prone 
position and the low pressure, ‘‘ bubble” suc- 
tion seem the most efficient to us. The con- 
tinuous prone position becomes a hardship to 
the patient and may allow the suprapubic 
tube to kink without the nurse’s knowledge. 
However, it is simple and to the point. Low 
pressure suction is more comfortable but the 
apparatus requires constant attention and 


does not prevent slight leakage through the 
repaired area, particularly for the most impor- 
tant first few postoperative days. 


SUMMARY 


Repair of vesicovaginal fistulas in heavily 
irradiated tissues is peculiarly difficult because 
the local blood supply is precarious, the tissues 
are inelastic and fixed, and the tissues are so 
fibrotic as to make dissection, particularly of 
flaps, quite difficult. Also the frequent inti- 
mate association of the ureteral orifices adds 
to the problem greatly. 

The plan described is to be used only where 
residual cancer is ruled out, where the uterus 
and cervix are removed, or clearly obliterated, 
and where the urinary status after fistula 
closure would be expected to be satisfactory 
(especially good sphincter control). Sexual 
activity after operation is possible. 

The operation is a combined transvesical 
and vaginal approach which permits complete 
safety to the ureteral orifices in or near the 
opening; a two suture line closure with these 
lines separated by at least a 2 centimeter 
adhering area of raw surfaces; a minimum 
damage to blood supply; closure without ten- 
sion; relatively simple and easy dissection; 
and adequate bladder drainage during the 
postoperative period without a foreign body 
irritating the newly repaired area. 

Postoperative care is directed toward con- 
tinuous gentle bladder drainage and cleanli- 
ness of the wounds. 

Only 3 cases are reported but the successful 
result in each, considering the unfavorable 
preoperative condition, seems to indicate the 
value of the method. 
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MANDIBULAR TUMORS 
A Clinical, Roentgenographic, and Histopathologic Study 


LOUIS T. BYARS, M.D., F.A.C.S., St. Louis, Missouri, and BERNARD G. SARNAT, M.D., 
Chicago, Illinois 


HE diagnosis of ameloblastoma (ada- 

mantinoma) of the mandible has 

been made frequently by use of only 

the roentgenogram. The multilocu- 
ir appearance in the roentgenogram is sup- 
posed by some to be characteristic of the 
ameloblastomas. It is the purpose of this re- 
port to demonstrate that (1) many jaw tu- 
mors can produce a similar roentgenographic 
picture, and (2) ameloblastomas have not a 
constant characteristic roentgenographic pic- 
ture. Consequently the roentgenogram alone 
cannot be depended upon for a diagnosis of 
ameloblastoma or of any other type of jaw 
tumor. 


CASE REPORTS 


The following series of 12 case reports in- 
cluding roentgenograms and photomicrographs 
has been carefully selected principally from 
our office and hospital files on mandibular 
tumors. The pertinent findings are summar- 
ized in Table I. The series has been divided 
into two groups. 


|. Ameloblastomas with varying roentgenographic find- 
ings. 

A. Roentgenogram “typical” of ameloblastoma. 

B. Roentgenogram similar to that of a dentigerous 
cyst. 

C. Roentgenogram similar to that of a retained root 
fragment and cyst. 

D. Roentgenogram similar to that of an invasive 
tumor of bone. 

Il. Benign and malignant tumors (other than the amelo- 
blastoma) which appear multilocular on the roent- 
genogram. 

A. Multiple follicular cyst. 

B. Giant cell tumor (local). 

C. Giant cell tumor (general). 
ism. 

D. Fibroma. 

E. Fibrosarcoma. 

F. Osteogenic sarcoma. 

G. Metastatic carcinoma from the breast. 

H. Metastatic carcinoma from the thyroid. 


Hyperparathyroid- 


From the Department of Surgery, Division of Plastic Surgery 
Washington University Medical School. 


Ameloblastomas with Varying 
Roentgenogra phic Findings 


Roentgenogram “typical” of ameloblastoma. C.E.S., 
white male, aged 71 years, was first seen on October 
11, 1940. Several years before, the patient noticed the 
left side of his jaw was enlarged. Physical examina- 
tion revealed a hard nonmovable mass which ex- 
tended from one centimeter below the zygomatic 
process to the lower border of the ramus. Intraoral 
examination revealed a fistula in the region of the 
lower left third molar. On October 12, 1940, through 
an intraoral incision a large cyst was removed from 
the left mandible at the angle. Iodoform and balsam 
of Peru pack was inserted. The tissue on cut section 
was white, fibrous, rather firm, and not character- 
istic. The microscopic diagnosis was ameloblastoma 
(Fig. 1 a). 

The patient was next seen on December 2, 1941, 
and complained that 3 months before the jaw began to 
swell at the left angle again. Some pain which was 
not very severe was present. The patient was oper- 
ated upon December 3, 1941, and because the amelo- 
blastoma had “recurred,” causing a pathological 
fracture of the mandible, and because the tumor was 
no longer contained within the mandible but invad- 
ing the surrounding tissue, cautery destruction of 
the growth was done. 

Roentgenogram similar to that of a dentigerous cyst. 
B.J.B., white female, aged 17 years, was first seen on 
February 12, 1945. Patient stated that she had a 
“gum boil” at the back of the left jaw for the pre- 
vious 6 weeks. Physical examination revealed a soft 
tissue mass in the left retromolar area which was 0.5 
centimeter in diameter. The mass was neither ten- 
der nor movable. There was a moderate expansion of 
the body of the mandible in this area. On March 8, 
1945, an incision was made in the retromolar area, 
the mucoperiosteum was reflected laterally and the 
lingual nerve was preserved. An entrance was 
gained to the cyst cavity by removal of the thin 
plate of bone. There was considerable solid material 
which was removed completely from the cyst wall. 
The cavity was packed with iodoform gauze. His- 
topathologic diagnosis was ameloblastoma (Fig. 1 b). 

Roentgenogram similar to that of a retained root 
fragment and cyst. F.M.A., white male, aged 40 
years, was first seen March 29, 1938. Patient first 
noticed a lump in the right mandible about 1 centi- 
meter in diameter, 6 weeks before while shaving. 
There was no pain. There had been drainage into 
the mouth from the region of the mass for 1 week. 
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TABLE I.—CHARACTERISTICS OF MANDIBULAR TUMORS WHICH APPEAR 


diagnosis o' 
various cases 


IA 
Ameloblastoma 
See Fig. 1a 


Ameloblastoma 
See Fig. 1 b 


Ameloblastoma- 
odontome 
See Figs. 
&e 


ILA 
Multiple 
follicular cyst 
See Fig. 2 


ILB 
Giant cell tumor 
(local) 

See Fig. 3 


Giant cell tumor 
roidism) 

See Fig. 4 


Fibroma 
See Fig. 5 


II E 
Fibrosarcoma 
See Fig. 6 


II F 
Osteogenic 
sarcoma 
See Fig. 7 


IG 
Metastatic 
carcinoma from 
breast 
See Fig. 8 


Il H 
Metastatic 
carcinoma from 
thyroid 
See Fig. 9 


40 


20 


n 


Clinical history 


Several years ago left side of 
mandible enlarged. Dis- 
charge from molar area 6 
months ago. Reoperated 
upon 14 months later 


“Gum boil” behind last tooth 
of mandible 6 weeks 


tcm. lump back part of man- 
dible noticed 6 weeks pre- 
viously while shaving 


Pain in jaw 8 months. Lower 
teeth extracted 7 months 
ago; swelling of jaw and dis- 
charge 2 weeks 


Painless, swelling 
both sides of mandible for 
6 years 


Painful jaw 13 years; all teeth 
extracted 4 years ago. Four 
weeks ago mandible began 
to swell 


Swelling of jaw, 4 months 
sharp shooting pains to ear 
and some disability in use of 
jaw. Dentist stated trouble 
caused by erupting wisdom 
toot 


Intermittent toothache for 8 
weeks; rapid swelling of 
face and mandible, 6 weeks 
Dentist and otolaryngolo 
gist found nothing wrong 
Sulfanilamide prese tibed 

Swelling of mandible, 5 
months. Diagnosis of im- 
pacted wisdom tooth which 
was extracted. Wound did 
not he al 


Numbness and tingling of 
lower lip and lump in man- 
dible 6 months. Molars in 
area extracted and 8 deep 
x-ray therapy treatments 
with no relief. Diagnosis of 
carcinoma of breast 114 
years ago 


Dull pain in mandible 5 weeks 


MULTILOCULAR 
ON THE ROENTGENOGRAM 
Eden- 
Clinical findings sama tulous Miscellaneous 
areas 
Hard, nonmovable mass ex- Angle Complete | Pathologic fracture—subse 
tending from 1 cm. below and mandible quently 
zygoma to lower border of ramus 
ramus 
0.5 cm. mass, retromolar| Angle and None 
area, moderate expansion| most of 
of mandible ramus 
Firm, fixed, nontender, 5 cm. Molar Involved 
mass extending from men- area area 
tal foramen to angle 
Moderate enlargement of} Molar area, | Complete | Bilateral involvement of 
mandible from angle to cus- angle, mandible mandible 
pid area Draining sinus] and ramus 
molar left area 
Both rami of mandible en-] Everything | Involved | Blood serum calcium an i 
larged and irregular osterior to area phosphorus within norma! 
picuspid limits. Bilateral involv: 
area except ment of mandible 
condyle 
Smooth, sharply outlined tu- Angle Complete | Preoperative 
mor which extended half- mandible BLS.ca., 14.6 mgm. in 
way up anterior border of BLS.P., 2.4 mgm. 
ramus. I cm. mass in max- Postoperative : 
illa near ala of nose. 3 x1 B1S.ca. 9.2 mgm. % 
cm. mass region of thyroid BLS..P. 5.1 mgm. % 
gland 
Firm, fixed, nontender mass Angle None 
in parotid region and ex- and 
tended to angle of jaw ramus 
Large, hard mass which ex-| Molar area] Involved 
tended from lower border of} and every- area 
mandible to upper border of} thing pos 
ear terior 
Diffuse, firm swelling at angle} Molar area, None 
of jaw. Surrounding tissues] angle and 
indurated. Unable to open} ramus 
mouth 
Nontender, round, hard mass, Molar Involved 
1.5 cm. in diameter in about area area 
molar region 
Resilient mass, lingual Bicuspid Complete | Tumor also metastasized 
molar region of mandible area mandible right iliac crest 


Stony hard diffuse enlarge- 
ment of right lobe of thy- 
roid gland 
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rig. 1. Roentgenograms illustrating the various pat- 
terns which the ameloblastoma may assume: a, “typical” 
of an ameloblastoma; b, similar to that of a dentigerous 
cyst; c, similar to that of a retained root fragment and 
cyst (a and c from Byars and Sarnat, Surg. Gyn. Obst., 
1045, St: 575); d, ameloblastoma with infiltrating char- 
acteristics (courtesy of C. V. Mosby Co., St. Louis, Mo. 
From Thoma, Oral Pathology, Fig. 937 A, 2nd ed., 1044); 


Physical examination revealed no teeth in the lower 
right jaw and a firmly fixed nontender mass about 5 
centimeters in diameter, extending from about the 
mental foramen to the angle. On March 31, 1938, 
patient had a resection of the mandible. Surgical 
specimen consisted of a round, firm tumor attached 
to a portion of the mandible. When cut, there was a 
very distinctly gritty sensation to the knife. The cut 
surface presented a very cellular appearance. The 
histopathologic diagnosis was ameloblastoma and 
odontoma (Figs. 1 ¢ and e). 

Patient was seen in April of 1940 and there was no 
evidence of recurrence. In August, 1944, the patient 
wrote that jaw has never given him any trouble. 

Roentgenogram similar to that of an invasive tumor 
of bone. Figure 1 d is an illustration of an amelo- 
blastoma similar to that of an invasive tumor of bone. 


Benign and Malignant Tumors (Other Than 
the Ameloblastoma) Which Appear Multi- 
locular on the Roentgenogram 

Multiple follicular cyst. J.W.J., white male, aged 

45 Years, was first seen November 27, 1942. Patient 
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e, photomicrograph obtained from specimen in Case I C. 
Note the columnar cells arranged in a palisade formation. 
In the center of these areas there appears to be a clear cyto- 
plasm, the margins of which cannot be determined because 
of the fine reticulum. There is a moderate amount of dense 
connective tissue stroma between the groups of tumor cells. 
Note areas of osteodentin, O. Diagnosis: ameloblastoma 
odontome (Fig. 1¢). 


complained of pain in the lower jaw since about 
March, 1942. In April of 1942 he had all of his lower 
teeth extracted. There had been a foul taste in the 
mouth for the previous 6 months. In early Novem- 
ber he noticed a swelling in the left lower jaw and 
since that time there had been a discharge of grayish 
material. Physical examination revealed a fistula in 
the lower left molar area. On November 28, 1y42, 
through an intraoral approach the cysts of the man- 
dible were excised bilaterally. The cyst wall was 
white, thin, but tirm. The inner wall of the cyst was 
glistening and the cyst contained fine brown, friable 
material. The histopathologic diagnosis was multiple 
follicular cyst (Fig. 2). 

Giant cell tumor (local). B.A.L., white female, 
aged 13 years, was first seen on April 15, 1942. About 
6 years before patient noticed swelling of both sides 
of the face unaccompanied by pain. From 1936 to 
1938 patient had 8 operations on the mandible. 
There was no similar condition in any other member 
of the family. Examination revealed that both rami 
of the mandible were enlarged and irregular, but 
normal in dimension in the long axis. On July 8, 
1942, there were the followi:g laboratory findings: 
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Fig. 2. a, left, Lateral roentgenogram of mandible. The 
histopathologic diagnosis is multiple follicular cyst (Fig. 
2b). b, Photomicrograph of specimen obtained from Case 


blood serum calcium, 11.1 milligrams per cent; 
blood serum phosphorus, 4.9 milligrams per cent; 
blood serum phosphatase, 9.4 Bodansky units. 

On July 9, 1942, an incision was made on the left 
side of the neck in the fold from the side of the thy- 
roid cartilage to the base of the ear. This flap was 
dissected upward exposing the right side of the man- 
dible on the outer plate of which was a hard, raised, 
bluish discoloration. The outer plate was removed 
by chisel and a tumor mass exposed, which ran 
throughout the anterior two-thirds of the mandible 
on its right side. The tumor was removed by cu- 
rettement and chisel, but due to its numerous rami- 
fications in the bone, it was highly improbable that 
all the cells were removed completely. The tumor 
was fragmented, fairly firm yellowish-gray. The 
cavity in the mandible was packed with iodoform 
gauze led through the soft tissues to the exterior. 
The histopathologic diagnosis was giant cell tumor 


AN 


Fig. 3. a, left, Lateral roentgenogram of mandible. The 
histopathologic diagnosis is giant cell tumor (Fig. 3 b). 
b, Photomicrograph of specimen obtained from Case IL B. 
Note bone the margins of which are irregular and are being 


stratified squamous epithelium. Diagnosis: Multiple fo! 
licular cyst (Fig. 2a). X7o. 


(Fig. 3). Roentgenograms taken periodically have 
shown regression of the tumor area. There was no 
recurrence up to March, 1945. 

Giant cell tumor (general), hyper parathyroidism. 
L.C.C., white female, aged 40 years, was first seen on 
March 26, 1941. Patient stated that she had an al 
dominal operation in 1928 and since that time the 
right side of her jaw had been sore. Two years later 
two teeth were extracted and the jaw condition be- 
came worse. About this time patient began to have 
attacks of vomiting which continued for 11 months 
when she was operated upon for a floating kidney 
without any subsequent relief. About 2 vears be- 
fore, patient experienced severe pain in jaw and 
thought something broke. Because of weakness she 
was suspected of having tuberculosis. Four wecks 
previously the right side of the jaw began to swell. 
Examination revealed a tumor of the right mandible 
which was smooth and sharply outlined and went 


destroyed, and also bone formation. Tn addition note | 
dense collection of fibroblastic cells in which there are ma 
multinucleated giant cells. Diagnosis: giant cell tumor 


mandible (Fig. 3 a). X7o. 
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rig. 4. a, left, Lateral roentgenogram of the mandible. 
‘| e histopathologic diagnosis is giant cell tumor. The pa- 
it had a parathyroid adenoma (Fig. 4b). b, Photomicro- 
ph of specimen obtained from Case II C. Note the 


h lfway up on the anterior border of the ramus. 
‘Toere was a distinct swelling 1 centimeter wide at 
the level of the nose near the ala. There was a tender 
3. 0¥ 1 centimeter node on the right side in the region 
o! the thyroid gland. At laboratory examination the 
following tindings were revealed: blood serum cal- 
cum, 14.6 milligrams per cent; blood serum phos- 
phorus, 2.4 milligrams per cent; blood serum phos- 
phatase, 11.8 Bodansky units. 

On March 27, 1941, tumors were removed from 
both upper and lower jaws on the right side. Follow- 
ing this a parathyroid tumor was removed deep to 
the lower pole of the thyroid on the right. The jaw 
material consisted of several small pieces of irregu- 
larly shaped brownish friable tissue. The histopath- 
ologic diagnosis was giant cell tumor (Fig. 4). Lab- 
oratory findings on the seventh postoperative day 
ievealed the following: blood serum calcium, 9.2 


A Fig. 5. a, left, Lateral roentgenogram of the mandible. 
lhe histopathologic diagnosis is fibroma (Fig. 5 b). b, 


Photomicrograph of specimen obtained from Case II D. 
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fibrous connective tissue which contains an enormous 
number of multinucleated giant cells. Diagnosis: giant cell 
tumor of mandible (Fig. 4 a). (Also see Table I and con 
trast with Case II B). X125. 


milligrams per cent; blood serum phosphorus, 5.1 
milligrams per cent. On October 9, 1944, patient 
stated that she felt perfectly all right. 

Fibroma. L.C.H., white female, aged 15 vears, 
was first seen on December 1, 1944. Patient com 
plained of swelling of the right jaw since August, 
1944. At that time a dentist said that a wisdom 
tooth was erupting. The growth had increased in 
size somewhat since and there had been sharp shoot- 
ing pains in the right ear, in addition to some dis- 
ability in the use of the jaw. Two weeks before a 
physician took a roentgenogram and told her the 
mass was attached to the bone. Physical examina- 
tion revealed a visible lump in the right parotid 
region. It was firm, not movable, and not tender, 
and extended to the angle of the jaw. There was 
some limitation of movement of the jaw. The teeth 
were in good condition. 


cell origin of which is indeterminate. Diagnosis: fibroma 
(Fig. 5a). 125. 


dney 
be- 
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she 
reeks 
Bd The tumor is an acellular collagenous fibroma of bone the 


Fig. 6. a, left, Lateral roentgenogram of mandible. The 


histopathologic diagnosis is fibrosarcoma (Fig. 6 b). b, 


Photomicrograph of specimen from Case Il E. The tumor 


is extremely cellular. The individual cells are spindle 


On December 2, to44, an incision was made from 
below the lobe of the right ear forward under the 
mandible to below the lateral incisor region. Skin, 
subcutaneous tissue, platysma, lower pole of the 
parotid and tissue superticial to submaxillary sali- 
vary gland were all turned upward to expose the 
angle and body of the mandible. The masseter 
muscle was dissected free from the ramus, exposing 
the entire ramus and angle which were involved by 
the tumor. The mandible was sectioned at the last 
molar tooth. The ramus was disarticulated and re- 
moved. Another half inch of bone was removed from 
the forward fragment because it was questionable 


Fig. 7. a, left, Lateral roentgenogram of mandible. The 
histopathologic diagnosis is osteogenic sarcoma (Fig. 7 b). 
b, Photomicrograph of specimen obtained from Case II F. 
Note thick layer of tibrous tissue which is growing without 
any plan. The cell outlines are not sharp. The nuclei are 


Cars 


shaped to rounded, the nuclei are variable in size, shape, 
and staining reaction; many are hyperchromatic; numerous 
mitotic figuresseen. This is a rapidly growing neoplasm of 
fibroblastic origin. Diagnosis: fibrosarcoma (Fig. 6a). X 125. 


whether the tumor had been encroached upon at the 
point of section. The jaws were wired in occlusion. 
The surgical specimen consisted of the right ramus 
of the mandible which was surrounded and perme- 
ated by a firm, resilient, nonfriable white tumor 
mass. The specimen cut with increased resistance 
and showed a thin white capsule which completel\ 
surrounded the tumor mass. The cut surface of the 
mass was yellow with streaks of white tissue running 
through it. It showed some evidence of hemorrhage 
but no cystic changes grossly. The tumor was grow- 
ing on both sides of the mandible, which was thin 
and showed evidence of bone destruction. The his 
topathologic diagnosis was fibroma (Fig. 5). 


~ 
Ppa 
. 


for the most part elongated and vary in size, shape, a 
staining reaction. An occasional mitotic figure is seen. 
other areas abnormal bone formation is seen. Diagno- 


osteogenic sarcoma from membranous bone (Fig. 7 
X 125. 
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‘ig. 8. a, left, Lateral roentgenogram of the mandible. 
| e histopathologic diagnosis is metastatic carcinoma from 
t! breast (Figs. 8 b and 1d). b, Photomicrograph of speci 


Pibrosarcoma. H.F.G., white male, aged 4 years, 
\os first seen on January 4, 1945. About 8 weeks 
before the patient suddenly began to complain of in- 
termittent toothache in the left mandible. Patient 
wos examined by a dentist who found nothing wrong. 
Tie patient was examined by an otolaryngologist 
wio likewise found nothing wrong and _ prescribed 
sulfanilamide. About 6 weeks previously a mass 
about the size of a grape was noticed in the left jaw. 
This continued to grow until at the present time it 
involved a considerable portion of the face. Extra- 
oral examination revealed a large, hard, moderately 
tender mass which extended from below the lower 
border of the posterior part of the mandible up to the 
superior border of the ear. The anterior portion of 
the ear was pushed outward with the mass. Intra- 
oral examination revealed a mass arising from the 


Fig. 9. a, left, Lateral roentgenogram of mandible. The 
histopathologic diagnosis is metastatic carcinoma from the 
thyroid (Fig. 9 b). b, Photomicrograph of specimen ob- 
tained from Case IT H. The thyroid glandular tissue is 
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men obtained from Case I] G. Note islands of malignant un 
differentiated epithelial cells. Diagnosis: carcinoma of the 
mandible (metastatic from the breast) (Fig. 8 a). 125. 


mandible behind the last molar. The mass pushed 
the left tonsillar area over to the midline of the 
pharynx. On January 6, 1945, biopsy was made on 
the jaw tumor. The histopathologic diagnosis was 
fibrosarcoma (Fig. 6). 

Osteogenic sarcoma. NV.M.B., white female, aged 
20 vears, was seen on October 16, ro4o. In July, 
1940, the patient stated that her jaw on the left side 
began to swell. Patient went to a physician who 
took roentgenograms and said there was an impacted 
wisdom tooth. Physical examination revealed a 


diffuse swelling at the left angle of the jaw, firm and 
sensitive to pressure. The surrounding tissues were 
indurated. Patient was unable to open her mouth. 

On October 17, 1940, an incision was made on the 
left side of the neck and the tissues elevated from the 
mandible. It was found that the entire half of the 


hyperplastic. The cells as a whole are well differentiated. 
Abnormal mitotic figures are not observed. Diagnosis: 
carcinoma of mandible (metastatic from thyroid) (Tig. 
ga). X125. 


we as e 


Fig. 10. Common errors made in diagnosis of jaw tumors. 
Presenting signs, symptoms, findings, and common mis- 
diagnoses. a, Gum boil, granulation tissue, .1; impacted 
molar, B; paresthesia and anesthesia of lip, pain in teeth 
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b 
and mandible, C. b, Draining sinus, 4; loose teeth, pyor- 
rhea, B (Pyorrhea is not the only cause for loose teeth ; 
swelling of face,C. c, Pain in ear, A; limitation of mov: 
ment of jaw, B; fracture, C. 


mandible was involved with an invasive tumor. It 
was definitely malignant and too extensive to offer 
any hope of cure from a radical operation. The 
histopathologic diagnosis was osteogenic sarcoma 
(Fig. 7). Patient died on June 18, 1941. 

Metastatic carcinoma from the breast. C.S.F., white 
female, aged 57 years, was first seen February 11, 
1943. Patient complained of numbness and tingling 
of the lower lip since August, 1942. In addition at 
that time a lump was noticed in the right mandible. 
Patient went to a dentist who extracted the right 
lower molars, but there was no relief from the symp- 
toms. She went to a physician who gave 8 deep 
x-ray therapy treatments. Patient had a left radical 
breast removal for carcinoma 1'% years previously 
and there had been no evidence of recurrence. Phys- 
ical examination revealed a nontender, round, hard 
mass, 1.5 centimeters in diameter, in the right man- 
dible at the molar region. 

On February 12, 1943, in the region of the right 
molar, the buccal plate was removed exposing a hard 
tumor 3 by 2 by 2 centimeters which was removed 
and the bed cauterized with heat. The specimen was 
white, very firm and appeared to be fibrous tissue. 
Tissue was sent to surgical pathology for rapid 
frozen section. The histopathologic diagnosis was 
metastatic carcinoma from the breast (Fig. 8). 

Metastatic carcinoma from the thyroid. E.L.W., 
white female, aged 55 vears, was first seen on Oc- 
tober 25, 1938. This patient complained of dull pain 
in the left mandible for 5 weeks. Her dentist took 
roentgenograms of the jaw and found destruction of 
bone. Patient stated that she had had a goiter for 
25 vears, but it had remained unchanged. Physical 
examination revealed that on the lingual surface of 
the left lower jaw in the premolar area there was a 
mass which extended down to the lower border of 
the jaw. It was palpated on the outside where it was 
quite painful. There was a stony hard diffuse en- 
largement of the right lobe of the thyroid gland. 

On October 26, 1938, an opening was made into 
the jaw bone anda rather vascular type of tumor was 
removed. The microscopic report was metastatic 
carcinoma from the thyroid (Fig. 9). On November 
2, 1938, the right lobe and the isthmus of the thyroid 


gland were removed and the microscopic report was 
adenocarcinoma of the thyroid. Patient was again 
seen on June 7, 1942, complaining of pain in the right 
iliac crest and difficulty in walking. Two series oj 
x-ray therapy each consisting of 2400 roentgen units 
were given to this area. Patient was again seen on 
March 31, 1943, and she stated that she had pain in 
the left mandible since October, 1942, and during 
the last few months a lump had appeared. She had 
had no complaints in regard to the jaw since the last 
operation of 1938. The mass was excised by means 
of cautery and found to be metastatic thyroid tissue. 
The tumor of the ilium was also excised and this too 
was found to be adenocarcinoma of the thyroid. The 
patient was last seen in 1945 and no evidence oi 
carcinoma was found. 
DISCUSSION 

Roentgenograms of the mandible. Entirely 
satisfactory roentgenograms of the mandible 
are usually difficult to obtain. The masseter 
and internal pterygoid muscles, the pharynx 
and other soft tissue structures interfere. I) 
addition, superposition of the other side of the 
mandible, the maxilla, the vertebrae, and the 
thyroid bone confuse the picture. Compariso 
of preoperative roentgenograms of the man 
dible with roentgenograms of the resecte | 
tumor and mandible reveal striking diffe: 
ences (1). The latter, devoid of surroundin 
tissue, show remarkably sharp. This proble: 
is partly answered clinically by use of th 
laminagram. 

Classification of ‘cystic’ lesions of the mai 
dible. Any practical clinical classification « 
“cystic” lesions of the mandible should be a 
inclusive. Many errors are made in the cli 
ical diagnosis of jaw tumors (Fig. 10). Th 
histopathologic diagnosis is specific. Th 
roentgenographic diagnosis, however, is non 
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-ecific and includes many tumors which are 
:idiolucent but not truly cystic. Conse- 


_uently, in the differential diagnosis the fol- 
| wing should be considered on a roentgeno- 
.raphic basis. 


TUMORS OF THE MANDIBLE 

Tumors of dental origin. 

A. Follicular cyst (single and multiple). 

B. Dentigerous cyst. 

C. Ameloblastoma (preameloblastoma). 

D. Radicular cyst (or granuloma). 

Tumors of nondental origin. 

A. Primary in mandible. 

1. Benign— 
a. Giant cell, 
b. Eosinophilic granuloma, 
c. Fibroma, 
d. Traumatic. 
Malignant— 
a. Carcinoma (local spread), 
b. Sarcoma (fibrosarcoma osteogenic sarcoma, 
Ewing’s). 
B. Secondary in mandible. 
1. Metastatic sarcoma and carcinoma. 
2. Altered body metabolism — 
a. Hyperparathyroidism, 
b. Lipoid disturbances (Gaucher’s, Christian 
Schuller, etc.) 

To the surgeon and dentist this classitica- 
tion is more valuable than one developed on a 
strict pathological basis of truly cystic lesions. 
lt is important for the dentist to realize that 
“cystic” lesions of the mandible can be other 
than dental in origin and that they may not be 
primary in the mandible, but metastatic. 
Consequently it behooves the dentist and 
dental surgeon to be fully cognizant of the 
variety of “cystic” lesions of the mandible and 
to make early provision for adequate treat- 
ment. By the same token the oral surgeon 
must be prepared at the time of operation to 
do either a relatively simple enucleation of a 
true cyst or a difficult radical resection of the 
mandible for a malignant tumor. 

Roentgenogra phic and clinical characteristics 
of the ameloblastoma. The roentgenographic 
characteristics of the ameloblastoma are sup- 
posed to show multilocular radiolucent areas 
with a sharp smooth border. This is sur- 
rounded by a thin, narrow, radio-opaque zone. 
Smaller daughter areas connected with a 
larger radiolucent area have also been de- 
scribed as being characteristic. This descrip- 
tion is probably better adapted to the cystic 
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phase of the tumor. There is no reason why 
any other cystic tumor should not look the 
same. Even solid tumors show a striking sim- 
ilarity. One should also remember that the 
ameloblastoma may be either unilocular, en- 
tirely solid, or solid and cystic and conse- 
quently the roentgenographic picture may be 
far from the “normal” (Fig. 1). 

The ameloblastoma is generally considered 
to be a benign tumor. Because local recur- 
rence is frequent, it has been sometimes said 
to be malignant. Complete removal of the 
tumor is made more difficult because of daugh- 
ter cysts. Consequently what is believed by 
some to be a local recurrence is actually an in- 
complete removal. Rarely, the ameloblastoma 
will undergo true malignant degeneration and 
metastasize. 

Because the ameloblastoma is generally 
considered to be a benign tumor, and because 
the roentgenographic pictures may be similar 
to malignant lesions primarily or secondarily 
in the jaw, it is of paramount importance to 
make an early correct diagnosis. 


SUMMARY AND CONCLUSIONS 


Multilocular radiolucent areas in the roent- 
genograms of the mandible have been demon- 
strated for ameloblastoma, multiple follicular 
cyst, giant cell tumor (local and general in 
origin), tibroma, fibrosarcoma, osteogenic sar- 
coma, and metastatic carcinoma (breast and 
thyroid). 

The diagnosis of an ameloblastoma or of 
any other tumor of the mandible should not 
be made by means of the roentgenogram 
alone. There can be a wide variation in the 
roentgenographic findings of different amelo- 
blastomas and they may simulate other tu- 
mors. And conversely other tumors of the 
mandible may simulate the ameloblastoma on 
the roentgenogram. 

The primary value of the roentgenogram is 
to demonstrate the site and extent of the mul- 
tilocular lesions of the mandible. 
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THE CHERNEY INCISION AS APPLIED TO THE SURGERY 
OF THE LOWER URETER AND BLADDER 


DONALD R. SMITH, M.D., San Francisco, California 


HILE the suprapubic midline or 
low rectus incisions afford good 
exposure for most procedures di- 
rected toward the bladder and 
lower ureter, instances occasionally arise in 
which these approaches seem inadequate, 
particularly for surgery of the deep extra- 
peritoneal pelvic zone, the extensive dissection 
necessary for total cystectomy, or for surgery 
of the vesical neck or subsymphyseal urethra. 
A transverse low abdominal incision has been 
recently described by Cherney which allows 
of extensive exposure of the lower portion of 
the peritoneal cavity for surgery of the lower 
bowel and female reproductive organs. This 
incision, which is readily applicable to urologic 
procedures, is described in the following para- 
graphs. 
From the Division of Surgery, Subdivision of Urology, Univer 
sity of California Medical School, San Francisco 


Read at the annual meeting of the California Medical Associa- 
tion in Los Angeles on May 7, 1045. 


The transverse skin incision is curve! 
slightly, with its convexity directed down- 
ward, and extends from just medial and in- 
ferior to either anterior superior spine of the 
ilium (Fig. 1). The wound thereby passes 
through the upper pubic hair line, often fol- 
lowing a normal skin fold, and is carried down 
to the aponeurosis of the external oblique 
muscles and the sheaths of the rectus. At 
either extremity of the incision the superficial 
epigastric vessels are encountered and one or 
both may be sacrificed for added exposure. 

The sheaths of the rectus are then opened 
transversely in line with the skin incision and 
the internal and external oblique aponeuroses 
are next incised to the angles of the wound. 
In this portion of the incision, the internal 
oblique muscle becomes fleshy but, since its 
fibers run in line with the wound, the muscle 
may be split further by blunt dissection. 
Occasionally the transversus muscle is present 


Fig. 1. The incision through the skin, sheaths of the recti, and lateral abdominal 
muscles. 7’, designates pyramidalis muscles under linea alba. 
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Rectus muscle 


ne where rectus bx 


nuscle is removed 

symphysis. _ 

Fig. 2. The completed transverse incision. The pyra- 
idalis muscles are separated from the underlying recti. 
ie rectus muscles are transected through their points of 
igin on the pubis. 


i) the lower abdominal wall and then it also 
‘iust be opened. This exposes the rectus 
:iuscles in the midline and the transversalis 
‘iscia and underlying peritoneum laterally. 
Traction is next applied to the inferior flap 
i the sheath of the rectus and by gauze 
dissection it is freed from the underlying 
rectus muscles down to the symphysis pubis. 
\ central fibrous septum extending from the 
under surface of the rectus sheaths to the 
recti must be cut and the pyramidalis muscles 
ireed from the anterior surface of the rectus 
muscles (Fig. 2). The inferior ends of the 
recti then are separated from the underlying 
transversalis fascia and it will be noticed that 


Fig. 4. a, left, Exposure gained with Cherney incision 
allowing excellent access to the deep extravesical space. 


First two of/ 


cir 
| 


Rectus muscle suture 
back im pisce 


Fig. 3. Closure. The tendinous edges of the rectus 
muscles are resutured to the symphysis or under surface of 
the rectus sheath. The lateral abdominal muscles and the 
sheath are closed in one layer with interrupted sutures. 


they become largely fibrous or even com- 
pletely tendinous at their points of origin. 
The rectus muscles are cut off flush with the 
pubic bone, their tendinous ends being pre- 
served for later resuture. The recti then re- 
tract well up to the upper border of the sheath 
of the rectus, exposing an elliptical space 
averaging 7 inches by 5 inches in its trans- 
verse and vertical axis respectively, an area 
twice that afforded by the midline incision 
and with its transverse axis much closer to 
the symphysis pubis than that of the latter. 
The transversalis fascia is then opened and the 
surgeon is prepared for wide exposure of the 
bladder or lower ureter. 


Compare with the limited exposure afforded by the ver- 
tical midline incision, b. 
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Fig. 5. Repair of vesicovaginal fistula adjacent to left ureter. Fistula excised and 
both vaginal and vesical openings easily inverted. 


In the closing of the wound, the tendinous 
ends of the rectus muscles are first resutured 
to the under surface of the lower flap of the 
sheath of the rectus at or near the symphysis 
(Fig. 3). While considerable tension upon 
this suture line might be expected, it must be 
remembered that the rectus muscle is strongly 
attached on its anterior surface to the anterior 
sheath of the rectus by three or more trans- 
verse tendinous intersections so that when 
the transverse incision through the apo- 
neuroses of the lateral abdominal muscles and 
rectus sheaths is sutured, the sheath itself 
takes the tension of the upper two-thirds of 
the muscle. Drains may be brought out 
through the incision or through a stab wound. 


Certain advantages which this incision 
offers suggest its employment for selected 
surgical procedures: the transverse wound i- 
longer than the vertical incisions so that ex 
posure is increased. Vertical wounds giv: 
limited exposure because of the convergenc: 
of the sheaths of the rectus muscles at eithe 
angle of the wound even with strong latera 
retraction. The Cherney incision gives excel 
lent exposure at the plane of the symphysi 
overlying the deep pelvic zone (Fig. 4). Th: 
transverse wound is a strong wound. 
muscle is denervated, the lateral abdomina 
muscles and the recti are divided at differen: 
levels, less retraction is needed, and lighte: 
anesthesia therefore can be used. The direc 
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Fig. 6. Excision of vesical diverticulum posterior to right ureter. The use of the 
Cherney incision greatly facilitated its removal. 


tion of pull of the oblique muscles with strain 
is parallel to the direction of the incision in 
their aponeuroses and all sutures are taken 
through fascia which makes for good healing, 
thereby decreasing the incidence of hernia. 


CASE REPORTS 


The following cases are presented to 
demonstrate the exposure obtained through 
this approach: 


A woman, aged 20 years, developed a vesico- 
vaginal fistula following instrumental delivery of a 
stillborn hydrocephalic baby. Examination 8 
months later showed the fistulous opening to be just 
lateral to the badly lacerated cervix and cystoscopy 
demonstrated the opening in the bladder to be 1 
centimeter medial to the left ureteral orifice. Be- 


cause of the proximity of the fistula to the left 
ureter, an approach affording good visualization of 
the area was deemed advisable, so a Cherney in- 
cision was used. After its identification in the region 
of the pelvic brim, the ureter was followed down to 
the bladder (Fig. 5), the bladder was opened, the 
fistulous tract excised, and the openings in both the 
vagina and bladder were closed by interrupted 
inverting sutures. A cystostomy tube was left in 
place for 10 days, and 2 weeks after surgery was 
performed the patient was voiding without vaginal 
urinary leakage. 

A man, aged 60 vears, had previously undergone 
transurethral prostatic resection but troublesome 
symptoms from persistent pyuria continued because 
of vesical diverticula in the region of the right 
ureteral orifice. Diverticulectomy was decided upon 
and the transverse incision was used because of the 
excellent exposure of the trigonal area which it 
affords (Fig. 6). 
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Fig. 7. Resection of anterior half of urethra, U’, bladder neck, and adjacent bladder 


wall for congenital defect of sphincter. 


In the closing of this defect, the distal 


suture in the urethra was easily placed even though it was situated below the inferior 


border of the symphysis pubis. 


A girl, aged 6 vears, complained of enuresis since 
birth as well as incontinence during the day. Renal 
function and urinalysis were normal. Cystoscopy 
demonstrated a markedly relaxed urethrovesical 
sphineter and a patulous urethra. The anal tone was 
intact. Neurological examination revealed no 
sensory or motor changes and intravenous urograms 
were normal. Roentgenograms of the bones of the 
lower spine and pelvis showed them to be normal 
except for separation of the symphyseal rami by a 
distance of 1 inch. This suggested the probability 
of an anterior defect of the vesical sphineter such as 
one might observe in a minor degree of exstrophy, 
so it was thought advisable to explore the neck of 
the bladder and the urethra. Exploration was done 
through a Cherney incision with admirable exposure 
resulting (Fig. 7). The anterior half of the urethra 
and vesical neck were resected and the remainder 
closed, the deepest suture being placed inferior to 
the lower border of the symphysis pubis under direct 
vision. 


The results obtained for these patients 
might not have been as satisfactory if an 


approach offering less exposure had been 
chosen. One of the fundamental rules of good 
surgical technique is to gain adequate ex 
posure. The Cherney incision fills this re 
quirement in a superior manner. 


SUMMARY 


1. The Cherney incision offers excellent 
exposure of the extravesical trigonal area 
(juxtavesical stone, diverticulum of the blad 
der, vesicovaginal fistula, etc.), vesical neck 
and subsymphyseal urethra. It is peculiarly 
suited for total cystectomy. 

2. The technique of the approach is de 
scribed. 

3. Cases are presented which illustrate its 
advantages. 

REFERENCES 
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THE EXPOSURE OF HIGH LESIONS OF THE 


SCIATIC 
IAN AIRD, Ch.M., F R.C.S. 


HE inadequacy, difficulty, and danger 

of the classical nineteenth century 

approach to the structures under cover 

of the gluteus maximus through an 
icision in the line of its fibers were exposed by 
jolle and Delmas, whose trapdoor elevation of 
he gluteus maximus can now be regarded as the 
tandard procedure. A similar technique was 
lescribed by Stookey, whose question-mark in- 
ision later authors have adopted. Henry has 
ecently elaborated the operation, and has de- 
cribed its steps with a wealth of anatomical detail 
ind argument which could hardly be more com- 
ete. In this paper a full description of the 
yperation will not be attempted, but during the 
ecent war certain problems in the management 
ft high lesions of the sciatic nerve have emerged, 
and the measures devised to solve these may be 
added to the operative procedure. 

The main difficulties encountered in the repair 
of a lesion of the sciatic nerve at its emergence 
from the pelvis are four in number: (1) hemor- 
rhage from the branches or the main trunk of the 
inferior gluteal vein; (2) retraction of the neuroma 
into the pelvis; (3) inability of the nerve to rotate 
for the insertion of the anterior layer of sutures; 
and (4) liability of the posterior cutaneous nerve 
of the thigh to injury, not when the fascia of the 
thigh is incised initially, but when it is closed at 
the end of the operation. How these difficulties 
occur and how they can be overcome, are best 
illustrated by a brief description of the operation. 

The incision (Fig. 1). With the patient prone 
and the knee pillowed to hyperextend the hip, 
the incision is begun at a point on the crest of the 
ilium a handsbreadth in front of its posterior 
superior spine, and the knife is drawn down to the 
tip of the greater trochanter, over the lateral as- 
pect (not the posterior edge) of the trochanter, 
and then in a curve inward to the junction of the 
gluteal fold with the posterior axial line of the 
thigh. From this point the incision passes verti- 
cally downward toward or into the popliteal fossa 
as far as may be required for the adequate mobil- 
ization of the distal segment of the sciatic nerve. 

From the Department of Surgery, University of Edinburgh; 


and the Peripheral Nerve Unit, Gogarburn E. M. S. Hospital, 
Edinburgh. 


NERVE 
(Fd.), Edinburgh, Scotland 


Division of fascia. In the lower (vertical) part of 
the wound the fascia of the thigh is incised paraliel 
to and just lateral to the posterior cutaneous 
nerve of the thigh, whose white outline is clearly 
visible through the fascial sheet. The lower edge 
of the gluteus maximus is defined between the 
point of emergence of the posterior cutaneous 
nerve of the thigh and the femoral insertion of 
the muscle. 

Mobilization of the gluteus maximus. In the outer 
part of the wound, a vertical incision is made 
down to the lateral surface of the greater tro- 
chanter through the iliotibial tract. This provides 
the most convenient access to the space deep to 
the gluteus maximus; elsewhere a subgluteal plane 
of cleavage is difficult to identify. A finger in- 


Fig. 1. Incision. 
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Fig. 2. Division of insertion of the gluteus maximus. 


serted through the fascial incision can be readily 
passed upward under the junction of the upper 
fibers of the gluteus maximus with the iliotibial 
tract, to serve as a director for the knife (Fig. 2). 
This incision continues upward to the supero- 
lateral border of the gluteus maximus, and then 
along that border, dividing the iliotibial tract 
and freeing the superolateral border of the muscle 
completely. Now that the superficial portion of 
the gluteus maximus is mobilized, all that remains 
is to pass a finger upwards from the outer end of 
the lower border of the muscle, close to the 
femur, and to divide the muscle fibers of the deep- 
er part close to their insertion into the femur. 


Retraction of the gluteus maximus: division of 


the piriformis (Fig. 3). A broad-bladed retractor 
elevates the gluteus maximus upward and medi- 
ally to expose the piriformis and the structures 
emerging from the cover of its lower border, but 
the initial elevation of the muscular trapdoor 
must be gentle, for as it is retracted, the branches 
of the inferior gluteal vessels passing to its deep 
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Fig. 3. Elevation of the gluteus maximus: division of 


tendon of piriformis. Note the spread eagle stretching o! 
the branches of the inferior gluteal vessels, and the risk 0! 
tearing at the multiple bifurcations between them. 


surface are pulled dangerously taut. This danger 
is implicit in the observation of Fiolle and Delmas 
(p. 45 of the English translation) that “the super 
ficial branches of the gluteal vessels which suppl) 
the muscular mass become tense, like cords, be 
tween the sciatic notch and the under surface o! 
the upraised muscle.” The main trunks of th: 
inferior gluteal vessels are relatively fixed by th: 
lower border of the piriformis, and sometime: 
absolutely fixed by scar tissue at their emergenc: 
from the pelvis, and tributaries of the gluteal vei 
may be torn. Bleeding is particularly obstinat: 
if one of the muscular tributaries is torn from th: 
parent trunk, or if two converging tributaries ar 
pulled apart to provide a longitudinal rent split 
ting the parent trunk; such bleeding may be al 
most uncontrollable if the torn proximal end o 
the vein is fixed in the sciatic notch by dense scai 
tissue. However, if the tendon of the piriformi- 
is now cut across close to its insertion (Fig. 3) 
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Fig. 4. Piriformis retracted with the gluteus maximus. 
lension on the inferior gluteal trunks is lessened, a greater 
length of these trunks is exposed. The companion vessels 
of the sciatic nerve, and a laterally passing branch of the 
inferior gluteal trunk, have not yet been divided; their 
division will still further lessen the tension on the muscular 
branches. Note the additional length of the proximal cut 
end of sciatic nerve exposed by division of the piriformis. 


cleared at its margins by blunt dissection, and 
elevated by a rake retractor in the same direction 
as the gluteus maximus, some additional mobility 
is afforded to the main trunks of the inferior 
gluteal vessels (Fig. 4), and the anastomosing 
branches which course upward over the surface 
of the piriformis to meet the descending branches 
of the superior gluteal vessels are retracted in the 
same direction as the superior muscular branches. 
Even if bleeding occurs now, a substantially 
greater length of the main gluteal vessels is avail- 
able for ligature. An additional safeguard against 
hemorrhage is the formal ligation and division 
of the companion vessels of the sciatic nerve, and 
any laterally directed branches of the inferior 
gluteal vessels. The former and one of the latter 
are shown undivided in Figure 4; if they are di- 
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Fig. 5. Suture of the gluteus maximus. Note the needle 
: 
picking up the fascia of thigh clear of and well medial to 
the line of the posterior cutaneous nerve, 


vided before the trapdoor is fully raised, there is 
less risk of tearing at their V-junctions with the 
branches to the gluteus maximus. 

Figure 4 shows a further advantage of the di- 
vision and elevation of the piriformis—wider 
access to the proximal cut end of the divided 
sciatic nerve. In 3 patients with sciatic nerve 
lesions treated in 1945, the nerve had been 
wounded at such a high level, and its proximal end 
had retracted so far into the sciatic notch, that 
only the distal extremity of the neuroma could 
be drawn from below the piriformis. Division 
and elevation of the piriformis in each of these 
cases afforded access to just these few extra 
millimeters of the sciatic trunk which were nec- 
essary for trimming and suture. In 1 case suture 
was performed at the level where the nerve was 
beginning to broaden in its parent plexus. 

Technique of anastomosis. li the normal tech- 
nique of nerve suture is followed at this level, and 
the superficial row of sutures is inserted first, it 
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will be found impossible to rotate the nerve suf- 
ficiently for insertion of the second (anterior) row. 
The anterior row, on the far side of the nerve 
from the operator, must be completed before the 
posterior (superficial) row is begun. 

Closure of the wound. After suture of the pir- 
iformis, and of the gluteus maximus muscle by 
interrupted stitches, the fascial wound in the back 
of the thigh is closed. The posterior cutaneous 
nerve of the thigh is liable to be included in this 
fascial suture; easily visible through the unopened 
fascia at the beginning of the operation, it is much 
less distinct as it lies under the cut fascial edge at 
this late stage. Inclusion of the nerve in the 
suture can be avoided by picking up the medial 
sheet of fascia well away from its edge (Fig. 5) so 
that when drawn taut the stitch or stitches lie 
superficial and medial to the line of the nerve. 
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SUMMARY 

The advantages of dividing the piriformi 
muscle in the exposure of high lesions of th 
sciatic nerve are discussed, and other and mino 
modifications of the operative exposure of th: 
deeper structures of the buttock, as it has bee: 
developed by Fiolle and Delmas, Stookey, an: 
Henry, are suggested. 
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CINEPLASTIC FOREARM AMPUTATIONS AND PROSTHESES 


B. K. RANK, Lieutenant Colonel, A.A.M.C., and G. D. HENDERSON, Major, A.A.D.C. 


HE problem of substitution for a lost 

part is paramount in the case of the 

upper limb amputee. Any artificial 

arm compares badly with its counter- 
part for the lower limb in both purposes of a 
limb prosthesis—to hide the defect and to 
provide a maximum restoration of function. 
i he absence of an arm is obvious to the casual 
observer in the street. Whereas few lower 
limb amputees are grossly manifest as such, 
in the case of those who have lost an arm it is 
a different and sad story; we see more with 
their coat sleeves tucked into their pockets 
than we see wearing an arm prosthesis of any 
sort. 

No man-made mechanism can or ever will 
reduplicate the innumerable intricacies which 
subserve the prehensile function of the human 
hand. We must accept this or else we become 
iatalistic when assessing the value of any hand 
prosthesis. It must never be compared with 
the normal. It can be fairly judged only in 
comparison with other types of prostheses, or 
with the limb stump devoid of any prosthesis 
at all. 

We can examine the reason for the wide- 
spread disregard for upper limb prostheses in 
relation to their two functions: 

1. As esthetic substitutes. It is easy to un- 
derstand why an arm amputee bothers little 
about a prosthesis for its esthetic value. Most 
such prostheses are of wood, or of metal, and 
they look wooden or metallic. They are, 
indeed, well covered by a glove, as in the 
standard dress arm. In certain phases of 
daily life, this may be adequate, but for just 
as many—indoors, for example—it is not. A 
poor camouflage value does not compensate 
for their nuisance value. It helps little in 
deciding the moral conflict of the amputee 
as to whether he should display or hide his 
disability. 

If the external appearance could be more 
adequately presented, it would be a different 


From the No. 2 Facio-Maxillary and Plastic Surgery Unit, At- 
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story. Much of the true handicap of the am- 
putee arises from the way he is noticed and 
regarded by society in association with some 
general idea of unproductiveness or dead- 
endedness. Unfortunately, it is this attitude 
which is easily reflected and inculcated in the 
man himself as an amputee personality. Were 
it not for this, the physical, moral, and voca- 
tional disability of a man who has lost a limb 
might not be as gross as popular idea would 
have us believe. 

2. As functional substitutes. In this, the 
main regard, prostheses vary widely, not only 
in the different types available, but particu- 
larly in their application to an individual. It 
is this individual factor which makes the 
evaluation of any particular type of prosthesis 
so difficult. It also necessitates personal con- 
tact and understanding of each patient if 
management is to provide him, as an individ- 
ual, with the best type available. There are, 
of course, limits of practical uniformity and 
financial consideration. 

It is not the purpose of this communication 
to detail the various types of prostheses which 
are available—they have a long history. They 
range in mechanical complexity through the 
ages of their development from simple useful 
iron hooks as made by an amputee himself or 
his artisan friend, to some of the most elabo- 
rate unwieldy mechanical contraptions which 
have ever been made experimentally or hope- 
fully by limb makers. 

The more simple arm prostheses may be 
described as of “passive type,” ie. nonmobile 
attachments to ordinary limb or bucket fix- 
tures. The ordinary hook as widely used is 
one of these; but there are many and more 
complicated attachments, some of which— 
although grotesque in appearance—have enor- 
mous application in particular cases. We 
must not let the more ugly of these museum 
pieces distort our sense of proportion, for with 
simple attachments to forearm buckets, an 
amazing degree of self-help and activity can be 
effected by some. 
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In contrast to the “passive types”’ are the 
‘“‘active types” of prostheses, the parts of 
which are activated in varying degree by 
muscle movement. Their many types conform 
to two main groups: 

a. Some utilize the extraneous muscle move- 
ment in relation to remaining joints to effect 
movement in the prosthesis. Most of these 
rely on a development and practice with the 
same or opposite shoulder movement. The 
standard cleft hook is well known of this type, 
and Carnes’ arm is probably the best of the 
many designs on this principle. Many others 
have become scrap metal. All employ strings, 
pulleys, cords, or wires which require unnatu- 
ral action or motion for a function which does 
not fully duplicate hand movement. In gen- 
eral, their cumbersome action tallies badly 
with their nuisance value to all and what to 
most implies a hopeless range of personal 
endeavor, training, and concentration to make 
them effective. 

b. The other main group of active prostheses 
involves the principle and subject of cine- 
plasty. 

Cineplasty. Cineplasty implies utilization 
of the muscles actually within an amputation 
stump to impart some of their normal function 
to an appropriate prosthesis. It requires some 
type of surgical operation on the stump by 
which the unused and wasting source of mus- 
cle potential is utilized. Function is produced 
in a way which cannot be achieved by other 
methods, for direct control of the mechanism 
can be effected by the same muscle groups 
which would normally be producing that same 
action in a hand. Normal psychomotor pat- 
terns are involved. There is no latent period 
of inertia in activating or training extraneous 
muscle groups, and the patient has encourage- 
ment in the first use of a cineplastic prosthesis. 
We must remember, however, that cineplasty 
implies a mechanical prosthesis, still with a 
nuisance value, a necessity for maintenance, 
and an absence of tactile facility. 

The principle of cineplasty was elaborated 
about 1896 as a theory, by the Italian physi- 
cian, Vanghetti. He was thinking for the 
mutilees among Italians fighting in Abyssinia 
at that time. Vanghetti himself did only exper- 
imental work, mainly on birds. It was long 


before he could convince one of his compa- 
triots—one Ceci of Pisa—to do the first human 
cineplastic operation. Such procedures, how- 
ever, had no effective trial until the mutilees 
of the 1914-1918 war had accumulated. Then 
Sauerbruch in Germany and the Italian school 
at Bologna (Ceci, Putti, Galliazzi) did large 
numbers of these operations in special clinics 
where there was.apparently a very close liai- 
son between surgeon and prosthetist. The few 
references in British literature are either by 
extraneous observers at these clinics or by the 
Continental men themselves. There were 
sporadic and isolated trials by individual sur- 
geons, but the method received no general 
acceptance or favor. American writers have 
been more enthusiastic— Kessler, who studied 
in the Sauerbruch clinic, is apparently a prac- 
ticed exponent and advocate of this principle. 

A necessity for the highest order of team- 
work explains the apparent discrepancy; why 
cineplasty has achieved a success and favor 
only in special clinics where large numbers are 
done, and not in sporadic trials among isolated 
cases. The basic organization in the special 
plastic surgery clinics throughout British and 
Imperial countries, thanks to the teaching and 
inspiration of Sir Harold Gillies, has offered 
unusual scope for such teamwork. In this 
Unit, attached to a large city base hospital, 
and where we have extended our prosthetic 
facilities beyond the usual, we have thought 
fit to evaluate for ourselves—by a limited 
first hand trial—something of the place of 
cineplasty for the upper limb amputee. In so 
doing, both concerning the plastic operation 
involved and the prosthesis used, we have 
endeavored to make improvements in what 
we could discern of their more obvious short- 
comings. This work has so far been confined 
to forearm cineplasty and our present conclu- 
sions are epitomized in two chapters: (1) The 
plastic operation involved, (2) The prosthesis 
used. 


THE PLASTIC OPERATION 


There are many ways in which the muscle 
function of an amputation stump can and has 
been tapped. Sauerbruch’s method has ap- 
parently best survived the sieve of time and 
trial. By it, a skin lined canal is made through 


whi 
is d 
7 
cat 
lim 
reg 
on 
mo: 
tat 
pro 
ma 


ope 
req 
gra 
cat 
the 


RA 

ind 

stu 

| the 
ap} 

duc 

be 

thr 

WO 

foll 
in] 

sta 

sho 

wh 

tub 

be 

are 

pos 

gra 

as 

tial 

| bec 
deg 

not 

the 

\ 

(B. 

ope 

wit 

mu 

line 

tral 


wm 


RANK et At.: CINEPLASTIC FOREARM AMPUTATIONS AND PROSTHESES 375 


individual muscles or groups of muscles in a 
stump. Through these canals are inserted pegs, 
the movements of which are transmitted by 
appropriate mechanism of a prosthesis to pro- 
duce movement of an artificial hand. 

The permutations of procedure which could 
be applied to the making of a skin lined tube 
through muscle are many, but in view of the 
work of such a skin tube, we consider the 
following general principles should be satisfied 
in its making: 

a. The tube must be a soundly healed and 
stable structure. 

b. Any local operative procedures involved 
should create a minimum of scar formation 
which is likely to embarrass mobility of the 
tube. 

c. The stump to which the prosthesis has to 
be fitted should be left devoid of anesthetic 
areas, areas of vulnerable scar, and wherever 
possible devoid of free skin grafts. Free skin 
grafts on an amputation stump are not always 
a satisfactory proposition. They are poten- 
tially unstable with petty trauma and they 
hecome adherent to deep structures in some 
degree. If a free graft has to be used, it should 
not overlie the area of muscle transfixion or 
the end of the stump. 

With these factors in view, one of us 
(B.K.R.) has evolved an effective cineplastic 
operation which can be done simultaneously 
with an amputation or reamputation. The 
muscle tube is made of a skin and fat flap, its 
line of suture is off the line of pressure of the 
transfixion rod. It is a one stage operation in 
which free skin grafts are not used, and which 
is devoid of undue risks with flap vitality. 

This operation can be done without modifi- 
cation only where there is sufficient length of 
limb for the use of the skin flaps from the 
region to be amputated. We would emphasize 
on this basis alone, the value always of the 
most conservative primary upper limb ampu- 
tations which would render such a subsequent 
procedure possible and satisfactory. If re- 
maining length of limb does not permit of the 
operation, a compromise in the method is 
required, and use of a supplementary free skin 
graft may be necessary. Chief of the modifi- 
cations we have used will be indicated after 
the one stage operation is described. 


Cineplastic reamputation. ‘The stages of 
cineplastic reamputation are best followed in 
reference to Figure 1. 

1. Surface markings (Fig. 1, a) XX’ is the 
line of election for constructing a skin canal 
through the superficial plane of forearm mus- 
cles. It represents the junction of the middle 
and distal thirds of the middle third of the full 
length of forearm. It is drawn at right angles 
to a line from the medial epicondyle to the 
midvolar wrist in the case of the flexor group, 
or a line from the lateral epicondyle to mid- 
dorsal wrist in the case of the extensor group 
of muscles. 

This line XX’ respects two primary ana- 
tomical considerations as pointed out by all 
exponents of Sauerbruch’s principle: (a) The 
strongest available potential of muscle power 
and excursion is at the region where contract- 
ing muscle belly gives place to passive tendon. 
In the forearm, this potential is approximately 
in the distal third of its middle third. (b) The 
superficial forearm muscle groups have a 
slightly oblique set on account of their essen- 
tial origins from the humeral epicondyle 
regions. This fact must be remembered so 
that the tubes are made through the muscles, 
exactly at right angles to their direction of 
pull. 

These facts are best verified and marked 
before operation with a co-operative patient. 

The line X.Y’ is only an approximate esti- 
mate and because of unpredictable variations 
in individual amputation stumps with varying 
degrees of muscle retraction, we consider it 
best to approach this line with a demilunar 
skin incision YY’ which will allow some varia- 
tion of YX’ according to exact findings. It 
will also ensure that there is no potential scar 
to become adherent to the muscle over its line 
of canalization. 

Identifying and canalizing the muscles (Fig. 
1, b,c, d). After the skin flap YY’ is raised 
the deep fascia is incised and the superficial 
plane of muscles is identified. The flexor 
muscles selected for canalization are the flexor 
digitorum sublimis (superficial portion) and 
the flexor carpi radialis, both of which can be 
transfixed in the same plane. The main mass 
of the flexor carpi ulnaris is usually too far 
posteriorly to be included. 
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It is important to ensure that the tube actu- 
ally passes through muscle substance—it is 
easy to slip in between muscle planes. In the 
first instance, transfixion is conveniently 
effected under careful vision, a pair of eye 
scissors being used (Fig. 1, c). This line of 
muscle transfixion is then dilated by successive 
passage of a special set of graded and inter- 
locking solid metal dilators (Fig. 1,d). On the 
two larger of these can be fitted and passed 
through the muscles bored hollow metal tubes 
which measure 14 inch by 58 inch. The 
smaller tube is used for small limbs or if fur- 
ther dilation proves difficult. The appropriate 
hollow tube is left 7 situ as a dilator while the 
skin tube is being made. 

3. Designing and making the skin tubes. On 
the ulnar side of the forearm, a rectangular 
skin flap A BCD is designed (Fig. 1, e) with its 
base AB obliquely across the transfixion line 
NN’, its sides parallel, and its dimensions 
depending on the length and bore of the mus- 
cle canal. In an average case, this requires a 
flap approximately 234 inch by 1% inch. 

After the flap is carefully raised on the base 
AB (Fig. 1, f), it is turned in to make a skin 
lined tube. ‘This step is facilitated by first 
inserting at each end an inverted end on mat- 
tress stitch, tied with knots on the skin surface. 
‘These are used as stay stitches. One stitch 
coapts C and D, but the other must be suffi- 
ciently distant from A and B to allow the skin 
edges to come together without undue tension 
(Fig. 1, g). After an appropriate size rubber 
tube is inserted, the skin lined tube is com- 
pleted by a continuous subcutaneous running 
stitch which is first tied to the near stay stitch 
and finally to the far stay stitch (Fig. 1, h). An 
assistant holds appropriate tension in the 
continuous stitch during its insertion. Fine 
silk on an atraumatic needle is used. 

4. Passing the skin tube through the muscle 
canal. With the aid of a pair of sinus forceps 
passed down the metal tube from the end 
opposite the base of the skin tube, the stay 
stitch and rubber tube at its free end are 
guided into the near end of the metal tube 
which should not be projecting far beyond the 
muscle opening on that side (Fig. 1, j, h). The 
skin tube is then drawn carefully into the 
metal tube. On removal of the metal tube 


from the far side, the skin tube is left in sity 
through the muscles (Fig. 1, i). This method 
radically simplifies what is otherwise a very 
tedious procedure. 

5. Completing the skin tube. ‘The initial ex- 
ploratory flap is then resutured in place and 
the open ends of the skin tube are carefully 
sutured all around their margins to outside 
skin. 

On the dorsum of the forearm, the samc 
procedure is repeated in complementary de- 
sign. The extensor digitorum communis and 
extensor carpi ulnaris muscles are used, but 
the canal is usually slightly shorter than that 
through the flexor muscles. In this case, the 
flap used for making the skin tube is designed 
on the radial side of the forearm. 

When both tubes are completed, there 
remain two secondary defects which are the 
donor sites of the skin tubes—one on the ulnar 
side of the volar aspect, the other on the radia! 
side of the dorsal aspect of the forearm. 


The Reamputation 


Two amputation flaps are raised on lateral! 
bases, but contain skin from the volar and 
dorsal surfaces of the forearm respectively 
(Fig. 1, j, k, 1). 

The anterior flap EFGH is raised on an ob- 
lique base EF on the radial side of the limb. 
It consists essentially of volar skin. The 
posterior flap JKLM is conversely raised on 
an oblique base JK on the ulnar side of the 
limb and it consists essentially of dorsal skin. 

It will be noted that each of these flaps 
consists mainly of the skin distal to the raw 
areas. When rotated in opposite directions they 
close these areas as well as the site of reampu- 
tation. 

These flaps must be designed very accu- 
rately and carefully. The skin areas proximal! 
to their base lines EF on the radial side and 
JK on the ulnar side as represented by the 
shaded areas on Figure 1, j, k, 1, might well be 
described as “‘the critical areas.” There must 
be no undermining of skin edges in this region, 
on which depends the existence of the flaps. This 
step constitutes one of the main points of the 
operation. The free distal end of the one flap 
is on the margin of the critical area of the 
other flap. 
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After the flaps are raised, the muscles are 
ivided at a level as far proximal as the bases 
| the flaps will allow, care being used not to 
opardize their blood supply further (Fig. 1, 
After proximal traction on the severed 
iuscles, the bones are divided at a level 
ightly proximal again to the severed 
vuscles. 
After routine hemostasis is effected, the 
‘ep muscles are sutured over the dorsal ends, 
ut the superficial groups which have been 
inalized are left free to retract. 


Final Suturing 


Rotation of the volar and dorsal flaps in 
)posite directions (Fig. 1, m) allows each to 
ose the donor site of the skin tube on its 
‘spective aspect without undue tension, and 
ie distal curved margins of each flap are 
itured one to the other over the amputation 
‘te. This method makes a curved suture line 
1 a coronal plane around the end of the stump. 

Silk sutures are used throughout with every 
)recaution and finesse for accurate edge-to- 
apposition. 

The final arrangement and suturing is 
shown in Figure 1, n, 0, p. 

Rubber tubes are left through the skin 
tubes, but they must not be too large and 
tight. 

A routine dressing and light crepe bandage 
pressure is arranged over the whole stump. 
This is left undisturbed for a week. 


Postoperative Management 


At the first dressing, 1 week after operation, 
half the superficial stitches are removed. The 
rubber tubes are removed from the skin tubes. 
The continuous stitch through the length of 
the skin tube is carefully identified from its 
fixation to the two separate end stitches, and 


all are carefully removed. If the running 
stitch feels tight, it is left a few days longer. 

Through the skin tubes are then passed 
acrylic rods made to appropriate diameter. It 
is important to see that for a time these are 
always passed from the base side of the skin 
tube flaps and removed from the opposite side. 

Remaining sutures are removed a few days 
later, after which the rods are removed daily 
for routine toilet of the skin tubes. 
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Healing should be complete in from 2 to 3 
weeks, when voluntary active contractions of 
the appropriate muscles are commenced. 
Function is slowly increased, and after another 
2 weeks, exercising against increasing resist- 
ance is arranged as in Figure 2. Exercise is 
continued until adequate force and excursion 
are developed when the appropriate prosthesis 
is fitted. Average excursion is '3 inch to 34 
inch for the flexor rod and 3 inch to '% inch 
for the extensor rod. The final result and 
appearance is shown in Figure 3. 

Variations from the Described Operation 

It is obvious that the one stage cineplastic 
reamputation implies an adequate length of 
amputation stump, i.e. more than 2% of the 
forearm must be present, otherwise there is 
insufficient local skin flap available for the 
operation described without undue tension. 

For stumps already too short for the cine- 
plastic reamputation as described the follow- 
ing may be necessary: 

1. In most of these cases it is usually neces- 
sary to use a free skin graft on the donor site of 
the skin tubes. As a free graft on an amputa- 
tion stump is always a vulnerable area, if one 
has to be used it should not be placed over the 
end of the stump, nor do we consider it should 
be over the muscle tubes where its contraction 
and associated scar would embarrass the 
desired function of the tube. This point we 
consider the main disadvantage of the simple 
and commonly used method of making a skin 
tube through muscle as practiced by Sauer- 
bruch and advocated by Nissen and Bergmann 
in their excellent monograph on this subject. 
If a free graft is required, the skin tube can be 
made exactly as described in the elective 
operation, and the secondary defects grafted 
as they stand with thick split skin (Fig. 4). In 
one case, contraction of the graft did produce 
a bad distortion of an extensor tube which had 
to be abandoned. 

2. The single tube operation. In some cases, 
rearrangements of the amputation flaps will 
permit of making one skin tube without resort 
to free grafts. In 2 cases, a well functioning 
flexor tube has been made and the prosthesis 
modified accordingly so that a light spring 
takes over the function of the extensor mus- 
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Fig. 1. 


cles. The possible advantages of this more 
simple procedure are still open to considera- 
tion and will be considered later. 


3. Use of abdominal flaps. Some stumps 
still shorter, though still adequate for cine- 
plasty, may not permit of free local use of skin 
for making skin tubes. Local scarring might 
also produce this same consideration. It may 
then be necessary to design and evolve skin 
tubes from other body regions in a staged 
operation (Fig. 5). 

Disadvantages associated with any of these 
variations reiterate the advantages of the one 
stage cineplastic reamputation as described 
and again call for every effort to conserve 


a to h, Stages and technique of cineplastic reamputation of forearm. 


always the maximum length of upper limb in 
primary surgery of injury. 


THE PROSTHESIS 


In an endeavor to reduce some of the usua 
deficiencies pertinent to normal upper lim! 
prostheses and other cineplastic mechanisms 
we have concentrated in three main directions 

a. The outward esthetic appearance. It > 
considered that with the modern material 
available, some better replica of the norma 
hand should be possible which would ensur: 
its continued use on this score alone. 

b. An efficient, intrinsic mechanical leverag 
system—to transmit the muscle power to move 
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ment of artificial fingers in the most effective 
Way. 

c. Reduction of the total weight of the prosthe- 
sis—to well below ordinary standards. 

To such ends, in 2 years of experimental 
construction and trial, in relation to a small 
series of selected cases, taking advantage of 
modern materials available and with many 
variations in their use and construction, we 
have elaborated a satisfactory working prin- 
ciple and prototype. 

This forearm cineplastic prosthesis, which 
we call the Heidelberg pattern, is depicted in 
igure 6. Its general mechanical arrangement 
and assembly is shown in Figure 7. Full de- 
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Fig. 1,i to p. 


tails of all its essential parts are beyond the 
scope of this report, but its essential features 
will be expanded * seriatim” relative to (a) the 
hand superstructure; (b) the intrinsic mech- 
anism; (c) the accessory fittings. 
The Hand Superstructure 

The hand superstructure is made in acrylic 
(methyl methacrylate) resin, as a_ hollow 
casing which minimizes weight and provides 
space for the mechanism. Acrylic was selected 
for its lightness and a transparency which ren- 
ders it suitable for realistic color effects be- 
yond that of ordinary materials previously 
used. In order to produce the exact replica of 
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Fig. 2. Mechanism used for exercising muscles following 
cineplastic amputation. Note arrangement of transfixion 
rods, stirrups, and tension spring. 


Fig. 3. Final appearance of stump, 3 months after a 
one stage cineplastic operation. 


Fig. 4. The dotted outline indicates placing of free skin 
grafts on secondary defects of skin tube flaps. A method 
used when length of stump does not permit of the described 
operation. 


Fig. 5. Skin tubes made from direct abdominal flaps i: 
a two stage operation. This method may be necessary wit! 
very short or scarred stumps. b, Tube flaps are still at 
tached to abdomen. 


Fig. 6. The “Heidelberg” prosthesis as it appears fitted 
to an amputation stump. 


a normal hand, full impressions were first 


made from selected normal hands with a 
hydrocolloid impression material.’ From thes« 
impressions, models of the hand were made in 
artificial stone. 

The acrylic hand casing is made in 10 sepa 
rate segments. Each of these segments i- 
made in a die of plaster prepared from appro 
priate pieces of the stone model which i- 
fragmented as shown in Figure 8. Use of : 
special tubular saw, illustrated in the sam: 
figure, permits of cylinders being taken out 0 
the bases of both the thumb piece and the tw: 
adjoined opposing fingers. These regions con 
stitute the only two ultimate moving joints 0 
the prosthesis. The ring and little fingers ar 
dummy. 

1] mpression technique. Two ounces agar agar, 3 pints of water, smal] pic 
of soap (the size of a marble), a handful of cellulose wool. Boil the wat: 
and pour over the Agar (cut agar into small pieces). Boil mixture 


double saucepan until dissolved. Add soap and cellulose wool, stirri! 


Remove mixture from flame, allow to cool to blood heat, and app 
Wh 


well 
with a soft brush. When well dry, cover with plaster of Paris 
plaster is dry, remove cast and pour up 
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Fig. 7. Note error in technical drawing — 
Both must be in similar positions, i.e., 
rately as shown in the illustration. 


The actual processing of the hollow seg- 
ments of the hand casing (Fig. 9) involves 
a special technique of impression, waxing and 
counterimpression, two special interchange- 
able flasks being used.' If metal dies are 
required, the segments can be used as patterns. 

The basic color of the hand is produced by 
the use of a proportionate mixture of clear and 
pink acrylic with the addition of yellow ochre 
pigment. The finesse of color, skin texture, 
and markings are effected later by synthetic 
enamel paints on the inside surface of the 
acrylic pieces before they are processed togeth- 
er. The texture appearance is improved by 
rendering the inside surface opaque with 


'The hollow casting technique. The technique of making hollow pieces 
s simple but lengthy. Each part must be made in at least two pieces. 
lwo flasks are required, the opposing half of which must be interchange- 
able. L ger flasks are needed for the bigger pieces. Each fragment from 
the artificial stone model of the hand segment is invested in plaster to the 
center of its widest diameter horizontally in the bottom half of the flask. 
lhe top half is placedin position and plaster is filledin in the usual manner. 
a) hen set, the halves are parted and the model of the segment is removed 
rom the ple ister impression now in the flask. Both halves of the impres- 
sion are then lined with wax to the desired thickness of the hand casing. 
Che edge of the wax in one half is cut square —that of the wax in the 
ther halfis slightly bevelled down toward the center. This bevelled edge 
is then built up with wax. After waxing this edge, the other half of the 

ilask is moistened to prevent sticking, and the twin halves of the flasks 
are then pushed together. This procedure gives accurate registration of 
the edges. 

Each portion is now processed separately thus-—the top of the second 

lask is placed on the bottom half of the first containing the waxed up 
pattern and filled in with plaster. The other half is treated similarly. 
When both are processed, they should fit well, and if not must be trimmed 
tv do so before they are in turn fused together. 


the “toggles” 
the digits open and close together, they cannot function sepa- 
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cannot be in converse positions as shown. 


aluminium leaf placed over the enamel paint- 
ing. The leaf in turn is again enamelled 
order to protect it. 

After tinal assembly of the hand, the esthet- 
ic effect is still further exacted by first sand- 
papering its surface, and then stippling all 
except the nail areas with an inverted cone 
bur. This process gives the realistic effect of 
cutaneous pores. If required, even further 


Fig. 8. To show the method of fragmenting the plaster 
hand model, and the special tubular saw used. 
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Fig. 9. To show the separate acrylic segments of the hand casing and something of 
their assembly: A, Segments of the finger pieces (6). B, Arrangement of assembled 
fingers and fitting of drums in the cut-out bases of thumb and the two fixed opposing 
lingers. The dural bases of the acrylic coated drums are shown. C, Front and back 


portions of the hand proper 


2 sets, showing the fitting of the finger drum and early 


stages of intitting the mechanism. D, Separate halves of the wrist casing. 


color can be added to the external surface by 
painting with an acetone solution of appro- 
priate pigment. 

A disadvantage of acrylic is its smooth, 
hard, slippery surface, unsuited to the han- 
dling of small objects. To offset this, the 
contiguous surfaces of thumb and opposing 
lingers are cut out with a drill and the defect 
made up by in-titting cushions of polyvinyl 
chloride (artificial rubber). These pads are 
made concave on their inside, which increases 
the cushion effect. They are processed in 
place with acrylic gum. 

The separate pieces of the hand casing are 
fused together by a thin mix of acrylic or a 
special gum. Volar and dorsal halves are left 
separate until the mechanism is in-built. The 
in-building is facilitated by provision in the 
internal structure of the shell of appropriate 


platforms and projections for attaching the 
mechanism. 


The Intrinsic Mechanism 

Details of the intrinsic mechanism ar 
represented in the “exploded” diagram, 
Figure 1o. Mild steel case hardened, dura 
lum in and brass are all used in the mech 
anism, with a view always to the most effec 
tive combination of lasting strength an 
lightness. 

The essential principle consists of a trans 
mission of the muscle pull by a system o 
stirrups and transmission rods to a doubl. 
toggle system of levers. One of these toggle 
effects movement of the thumb by its attach 
ment toa drum in the thumb joint. The othe 
toggle similarly effects movement of the fuse: 
index and middle fingers. Intercepting th: 
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Fig. 10. Mechanical layout of cineplastic hand prosthesis, 


Heidelberg pattern. 
obtained by writing authors.) 


iransmission rods is a brake drum which serves 
a three-fold purpose: (1) it projects extensor 


and flexor muscle function, acting in converse 
ways to the common toggle system; (2) it has 
an equalizing effect on the difference in power 
between flexor and extensor muscles; (3) it 
acts as a locking device, so that a fixed grip 
can be maintained in any position without 
continued muscle effort. 

The chief features effecting this mechanical 
principle are: 

1. Metal stirrups. Fach stirrup forms a 
spring clip with the metal core of acrylic rods 
which are made to fit the muscle tunnels in the 
stump. 

2. Connecting rods. These are attached to 
the center of each stirrup and include hinges 
to give a universal movement. The flexor rod 
is attached to the lower portion of the brake 
drum, but its effective pull is continued by the 
toggle system. The extensor rod is attached 
to the opposite diameter of the brake drum 
surface. 

It will be noted that by this arrangement, 
both flexor and extensor rods can produce 


(Details concerning mechanism to be 


their contrary effects on the common toggle 
system. 

3. The brake drum and locking device. This 
feature essentially consists of a drum turned 
to shape from dural rod (Figs. 11 and 7). Into 
the drum are fitted friction or brake shoes 
which are brought into the locking position by 
a cam shaft operated by a lever, which passes 


Fig. 11. The brake drum and locking device, and its 
location in the wrist casing. 
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Fig. 12. The general appearance and usefulness of the Heidelberg pattern forearm 


cineplastic prosthesis. 


through the wrist casing. The shoes are 
brought firmly against the inside of the drum 
to act like the brakes of a car. 

The operating lever is fitted with a tension 
spring arranged in an eccentric manner to hold 
the lever in either the locked or unlocked posi- 
tion. 

On the smooth surface of the drum the 
connecting rod from the flexor stirrup to the 
toggle system is intercepted by and runs freely 
on a screw which is placed as near as possible 
to the edge of the drum. With muscle con- 
traction to close the finger, the drum revolves 
with the pull of the flexor rod. Diametrically 
opposite on the drum, the extensor operating 
rod is attached by a screw to a slotted plate on 
the drum. This plate can be moved in or out 
from a central position, so altering the radius 
and increasing or decreasing the length of 
effective pull of the extensor rod. By this 


means, variation in the relative strength o! 
the extensor muscle is catered for. The rela 
tively weaker pull of the extensor muscles is 
also assisted by an antagonizing spring on the 
flexor connecting rod. 

4. The finger drums. The finger drums form 
the mobile joints of thumb and apposing 
fingers. Each consists of a hollow duralumii 
drum with fitted ends and coated with acrylic 
(Fig. 9). Through the center of each drum 
a core of duralumin tube serves two purposes 
To it is fixed the metal lever on which thi 
toggles are attached, and it also accommo 
dates bearings at either end in which fi 
stainless steel pins forming the axle of th 
drum. 


The Accessory Fittings 


The wrist portion of the assembled hand i: 
attached by duralumin bars (1) to a leathe: 
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and/or metal cup' which must be made for each 
case to fit accurately to the end of the ampu- 
tation stump. It acts as a counter pressure 
point for the effective pull of the muscles 
through the intrinsic mechanism. (2) The 
bars further extend to a second attachment on 
one ring of a ball race situated at a level below 
the elbow region. 

By the ball race, some pronation and supi- 
nation movements are obtained. The other 
ring of the ball race is attached by elbow 
hinges to a well fitting but not tight molded 
armcuff. The cuff is trimmed and arranged so 
as not to embarrass the biceps muscle. The 
usual accessory body straps are attached as 
required. 


THE MODIFIED HEIDELBERG PROSTHESIS FOR A 
SINGLE TUBE CINEPLASTY 


In these cases, only the flexor muscles are 
used. All parts of the prosthesis pertinent to 
the extensor muscles are dispensed with. The 
opening of the grip is effected by a spring 
antagonizing the flexor rod in a position as 
indicated in Fig. 7. 

Considered advantages of the Heidelberg 
prosthesis are: 

1. A high standard of esthetic appearance. 
All of the amputees so far supplied with these 
arms continue to wear them, and, when care- 
fully questioned, one of the chief reasons is 
that they “look well” (Fig. 12). To personnel 
in a sedentary type business occupation, as 
most of our small series are, this is a good 
reason. Acrylic is not the ideal medium, but 
it does set a high standard in this regard for 
future materials and improvements. 

2. The mechanical lever system is simple and 
efficient, and effects a good useful range of 
strong finger movement. 

3. The locking device permits of the pros- 
thesis being used in a passive manner. Long 
continuous gripping of objects—e.g. pen or 
knife—can be effected without continued 
muscle action. Metal clips on the common 
utensils are required to stabilize the grip by 
the nonresilient acrylic (Fig. 12). 

4. Total weight of recently completed pros- 
theses with all accessory fittings is 1 pound 


‘In recent models, these cups have been made of reinforced acrylic, as 
shown in Figure 6. Polyviny! chloride may be a still better medium for 
this purpose. 
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8 ounces. This is much lighter than the dress 
arm normally supplied. 

5. The hand is durable and serviceable despite 
a highly esthetic and somewhat fragile 
appearance. These hands have given little 
trouble in our small series to personnel outside 
the manual laborer class. 

The chief disadvantage of the prosthesis is 
the limited effective range of the finger move- 
ment (only 138 inch). This is dictated by the 
space available for the lever system. We 
consider this may be improved by modifying 
the lever system and using a “knuckle joint” 
or a “sliding plane”’ in the thumb system, if 
not in the opposing finger system as well. 

RESULTS 

Our experience of cineplastic amputations 
is confined to the forearm and that limited to 
12 cases. It is recognized that only by a large 
case series carefully controlled over a long 
period could any finite conclusion be made, 
but in view of the times and our early encour- 
agement, we consider such an interim state- 
ment indicated, immature though it is. All 
patients fitted with a cineplastic prosthesis 
continue to wear them to date, and remain 
enthusiastic. That must be the ultimate 
judgment of their value. Kessler in America 
states that 60 per cent of the 264 cases con- 
tinue routine use of their prostheses. Jott- 
kowitz quotes 40 per cent of his 728 cases, 
while in the Saurbruch clinic, 60 per cent of 
304 cases are recorded as satisfied. 

Careful preselection of cases must be made 
the prime factor for the success of any cine- 
plastic procedure. No procedure would be 
more doomed to failure by any haphazard or 
mass application. All types of upper arm 
prostheses have their limitations—a cine- 
plastic is one of them. Some individuals may 
be of such mental caliber or vocation that they 
would be better without any prosthesis at all. 
Some may be better suited to a bucket with 
attachments; others may require only a cos- 
metic substitute, or may need and derive 
great benefit and help from a cineplastic 
prosthesis. 

A cineplastic prosthesis is not something 
automatic, but something of which the 
wearer must learn the true use himself. Cine- 
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plasty is no proposition for a flabby person- 
ality. In the preselection of cases, the chief 
considerations are: 

The individual, his attitude, and will. He 
must be fully informed of the implications of 
the procedure, and its limitations. The early 
expectations of upper limb amputees are often 
too great. The salesmanship of a manufac- 
turer or town gossip may contribute to this 
mistake, which should never be allowed to 
continue for any lack of careful explanation. 
Sad realization of the gross inadequacy of an 
artificial arm when supplied as compared with 
that of his hopes, has—in the past—often led 
not only to its rejection, but to a deep-rooted 
prejudice for any appliance. An amputee can 
always escape in an unfortunate sense of honor 
to have lost an arm and to show it. 

Type of work or vocation. Forearm cine- 
plasty is most satisfactory for a sedentary type 
occupation. It is of little use to the manual 
laborer for his work, but even he may value it 
in sedentary life and leisure. It is not incom- 
patible with the alternate use of other limbs 
and appliances on the same stump. 

The amputation stump. Prerequisites in this 
regard have been set out. There must be 
adequate length of forearm to permit a satis- 
factory cineplastic operation. We have had 
no experience with upper arm cineplasty, but 
the prosthetic technical difficulties associated 
with it must range against its relative value. 
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Site of amputation relative to dexterity. Al] 
right-handed amputees or their left-handed 
counterparts who are missing on the same 
side, would be better considered for a cine- 
plasty than those missing on the opposite side. 
The bilateral amputee would seem always the 
strongest indication for cineplasty. 


CONCLUSION 


We believe with modern progress both in 
plastic operations and a better order of pros- 
thesis, that cineplastic procedures as described 
must have a wider application than we know 
of at present. 

It is hoped that our experiments and results 
might stimulate trial on a larger scale than our 
numbers, time and facilities might permit. 

There are many ex-service personnel who 
have lost their right hands in the service of 
their country and their fellows, and their least 
dessert is the pan-ultimate that modern 
science and surgery can contribute to their 
re-construction. 
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THE EFFECT OF PULMONARY RESUSCITATIVE 
PROCEDURES UPON THE CIRCULATION AS 
DEMONSTRATED BY THE USE OF 
RADIOACTIVE SODIUM 


SAMUEL A. THOMPSON, M.D., F.A.C.S., EDITH H. QUIMBY, Sc.D., 
and BEVERLY C. SMITH, M.D., F.A.C.S., New York, New York 


N asphyxia, the object of all resuscitative 

procedures is to produce an adequate 

pulmonary ventilation. Negovski and 

his co-workers have recently added to 
pulmonary ventilation, the intravascular in- 
jection of oxygenated blood and glucose in 
their efforts at “revival” (1). The majority 
of investigations in resuscitation have dealt 
with the degree and efficiency of the ventila- 
tion produced by the various methods. Such 
ventilation occurs as a result of: (a) inflation 
of the lungs and return to the starting point; 
()) deflation of the lungs and return to the 
starting point; (c) alternate inflation and de- 
lation of the lungs. The procedures are clas- 
sitied as manual or mechanical, and are of va- 
rious degrees of efficiency. A measured and 
constant amount of ventilation can be pro- 
duced only by mechanical means, controlled 
by either a constant volume or a constant 
pressure. Large volumes or excessive pres- 
sures may cause alveolar rupture and for this 
reason controlled pressures are safer than con- 
trolled volumes. Only resuscitators with a 
controlled pressure should be used. No control 
or constancy exists with any manual method. 


Pulmonary ventilation alone is insufficient. 


to produce resuscitation, particularly when 
circulation has stopped. Oxygenated blood in 
the lungs is of no value unless it can be moved 
out and transported to the vital centers of the 
nervous system. Such a movement of the 
blood does take place in certain methods of 
resuscitation, varying in rate and volume 
with the method used. 


From the Department of Thoracic Surgery, New York Medi- 
cal College, Flower-Fifth Avenue Hospital, and from the De- 
partments of Radiology and Surgery, College of Physicians and 
Surgeons of Columbia University, with the aid of a grant from 
the Lilla Babbitt Hyde Foundation. 


Very little emphasis has been placed upon 
this aspect of resuscitative procedures, and no 
definite study appears to have been made of it. 
Actually, until recently there has been no 
satisfactory way of demonstrating whether or 
not any given procedure could produce an 
actual movement of the blood column. The 
purpose of the present paper is to describe a 
method for determining the relative effects of 
various types of pulmonary resuscitation upon 
the circulation, and to give some experimental 
results obtained thereby. 

This method consists essentially in intro- 
ducing a tracer substance into the vascular 
system of an animal immediately following 
death by asphyxiation and recording any 
movement of this substance during the appli- 
cation of the resuscitative procedure. The 
tracers which have been employed are radio- 
active sodium, fluorescence, and oxygen. This 
concerns the use of radioactive sodium only. 

The use of artificially radioactive isotopes 
as tracers has become rather familiar in the 
field of experimental medicine in recent years. 
Sodium, used in the present study, is made 
radioactive by deuteron bombardment in the 
cyclotron and then emits penetrating radia- 
tions which can be detected by means of a 
Geiger-Mueller counter. A small amount of 
this material, in normal saline, injected into 
the circulatory system of the living animal, is 
rapidly carried throughout the body; its pres- 
ence in any region can be demonstrated by 
placing the counter against the surface of the 
body at that part (2). In an animal whose 
circulation has ceased, such distribution could 
not occur. A counter placed over the body at 
a place distant from the site of injection would 
register only a small background count, due 
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Chart 1. No. 1, Heparin, intravenous sodium, double ac- 
tion resuscitator; Vo. 2, heparin, intravenous sodium, 
double action resuscitator; Vo. 3, heparin, intra-arterial 
sodium, double action resuscitator; No. 7, no heparin, in- 
travenous sodium, double action resuscitator; No. 5, he- 
parin, intravenous sodium, suction only; No. 6, heparin, in- 
travenous sodium, pressure only; Vo. 7, control, heparin, 
intravenous sodium, no resuscitator. 


to the presence of the sodium in the distant 
region. As long as the radioactive material re- 
mained essentially at this position, the count 
would remain the same. If, however, any 
movement of the blood in the veins and 
arteries could be brought about by a resus- 
citative procedure, the radioactive sodium 
would also be moved, and any appreciable 
shift toward the counter would be demon- 
strated by an increase in the counting rate. 
TECHNIQUE 

Dogs 14 to 20 kilograms in weight were 
used, the following procedure being carried 
out: The animal was anesthetized with intra- 
venous or intraperitoneal nembutal. An endo- 
tracheal tube with occlusion cuff was then 
inserted and the cuff inflated to make the tube 
leak-proof. To prevent intravascular clotting 
of the blood, 2 to 5 cubic centimeters of 
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heparin were injected intravenously. Approx- 
imately 5 minutes after the injection of hep- 
arin the endotracheal tube was completely 
clamped off, and the animal allowed to suc- 
cumb to obstructive asphyxia. Cardiac cessa- 
tion and death according to clinical evidence 
took place about 8 to 10 minutes after the 
tube was clamped. However, in order to in- 
sure complete. death with no subsequent 
cardiac activity, the tube remained clamped 
for an additional 20 to 30 minutes. The 
animal was placed on an inclined plane, with 
the head elevated about 20 degrees, to coun- 
teract any possible effect of gravity in causing 
diffusion of the tracer substance toward the 
heart. 

At the end of this time about 2 cubic centi- 
meters of normal saline, containing 50 to 60 
microcuries of radioactive sodium were in- 
jected into a femoral vein or artery. The 
Geiger-Mueller counter was placed against 
the neck of the dog, in proximity to the 
carotid artery, and the resuscitative proce- 
dure started and carried on for 40 to 60 
minutes.! During this period, starting at the 
instant of injection of the radiosodium, the 
counts per minute registered by the counter 
against the neck were recorded. These 
counts were plotted on a curve showing any 
change in counting rate with time after the 
start of resuscitation (Chart 1). 

After the mechanical procedure had been 
carried on for this period, and the effect was 
evident, the resuscitator and counting were 
stopped and 5 cubic centimeter blood samples 
taken from the femoral vein and artery on the 
opposite side from that injected, the right anc 
left side of the heart, the jugular vein, and one 
carotid artery. Careful measurements were 
made of the amount of radioactive sodium 
contained per cubic centimeter of each o/ 
these samples (Tables I and II). 

Experiments were carried out with various 
possible combinations of conditions: 

Intravenous sodium with (a) alternate in- 
flation and deflation of the lungs; (b) inflation 
and release; (c) deflation and release. 

Intra-arterial sodium with (a) alternate in- 
flation and deflation. 
1The resuscitators used positive pressure of plus 14 millimeters 0! 


mercury, negative pressure of minus 9 millimeters of mercury. Th: 
rate was set at 16 to 20 per minute. 
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TABLE I.—RADIOSODIUM CONTENT OF DOGS’ BLOODS 


No. of 
experiment 


Weight of 


dog kgm. site of injection 


Type of resuscitative procedure and 


| Microcuries per 
Assumed blood | Microcuries c. c. if entire 
volume radiosodium dose were 
c. c. (1/7 weight) injected uniformly 
distributed* 


Intravenous sodium 
Heparin 
Double action respirator 


0.018 


Intravenous sodium 
Heparin 
Double action respirator 


Intra-arterial sodium 
Heparin 
Double action respirator 


Intravenous sodium 
No heparin 
Double action respirator 


Intravenous sodium 
Heparin 
Suction only 


Intravenous sodium 
Heparin 
Pressure only 


13.8 Intravenous sodium 
Heparin 
No respirator 


*Actually some of the sodium would have passed into the extravascular fluid, so this value is probably somewhat high 


Controls, with intravenous sodium with 
(a) heparin with no resuscitative procedure; 
(b) alternate inflation and deflation with no 
heparin. 

RESULTS AND DISCUSSION 

A heparinized animal recently succumbed 
to obstructive asphyxia provides an ideal 
subject for observing the effect of any given 
resuscitative procedure upon the circulation, 
provided a tracer can be introduced into the 
blood so that its movement can be followed. 
Any such movement would depend on the 
lact that the mechanical inflation and defla- 
tion of the lungs produce a regular filling and 


emptying of the pulmonary capillaries and a 
regular alternation in pressure upon the heart 
and great vessels of the mediastinum. Since 
the valves of the heart and veins prevent a 
back flow of blood, any movement of the cir- 
culation must be in one direction, and if of 
sufficient rate and volume would complete the 
circuit from left heart to artery, to capillary, 
to vein to right heart, to lungs, and thence 
back to left heart again. Such movement of 
blood containing radioactive sodium could 
be detected by the Geiger-Mueller counter, 
its rate recorded, and some idea obtained of 
its volume. 


TABLE IIl.—RADIOSODIUM CONTENT OF BLOOD SAMPLES, IN PERCENTAGE OF CONTENT FOR 
UNIFORM MIXING OF ENTIRE ADMINISTERED AMOUNT 


No. of 
Experiment 


Opposite 
femoral 
artery 


Opposite 
femoral 
vein 


Carotid 
artery 


Jugular 


I 


17 


28 


22 


2 


4* 


5 


*No samples could be taken from this dog having no heparin. 


Right auricular 
appendix 


Left auricular 
appendix 


33 
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The experimental data for 7 dogs are shown 
in Chart 1. Animal 7, the control with no 
resuscitative procedure but with heparin and 
radioactive sodium, showed no increase in 
count at the neck during 40 minutes. This 
demonstrates that there is no significant mo- 
tion of the sodium due to diffusion or any 
other process occurring when no resuscitator 
is employed. In animal 4, the control having 
no heparin, the count rose only very slightly. 
On postmortem examination a large clot was 
found in the abdominal inferior vena cava, 
which would have prevented any further 
passage of radioactive sodium beyond this 
point. With all of the other animals, after a 
short period the count began to increase, and 
continued to rise as long as it was followed, up 
to an hour. In all except animal 2, there was 
a delay of 15 to 20 minutes before definite 
change was evident; this one animal showed 
an immediate rise and went much higher than 
any other. The reason for this is not evident; 
there seemed to be no doubt that the dog was 
dead, although an extremely weak heart ac- 
tion would account for the finding. 

With the exception of animals 1 and 2, 
each one was subjected to a different proce- 
dure from all the others, so that there is no 
data as to possible variations among animals 
treated in any one particular manner. Hence 
it is not possible to put much stress on the 
numerical differences in the results. How- 
ever, the two dogs in which alternate inflation 
and deflation were employed (animals 1 and 
2) and the one having deflation and release 
(animal 5) showed values definitely higher 
than the others. The one having inflation and 
release (animal 6) came up more slowly, as 
did the one in which the injection was intra- 
arterial (animal 3). This latter was to be 
expected, since the material would have to be 
moved first through the capillaries and then 
into the veins before it could start toward 
the heart. 

The radiosodium contents of the blood 
specimens from the various dogs are given in 
Table I, with other pertinent data. It ‘s 
assumed that the blood is 7 per cent of the 
body weight, and microcuries per cubic centi- 
meter are calculated for uniform distribution 
throughout the circulatory system. This 


amount is what would be expected in a living 
dog, when mixing through the blood was com- 
pleted, before diffusion into the extravascular 
fluid had proceeded to any significant degree. 
In none of the asphyxiated dogs was this dis- 
tribution approached. 

Certain suggestions may be advanced to 
explain the results in the various animals, but 
it must be recognized that these are tentative 
and could be confirmed only by repeating 
each test on several dogs of essentially the 
same weight. For instance, in animal 3, hav- 
ing intra-arterial sodium, apparently the pro- 
cedure was not carried on long enough for the 
material to travel through the capillaries of 
the injected leg to the veins, to the heart, to 
the artery of the opposite leg, and through the 
capillary system of the opposite leg to the 
vein, for no active material was found at that 
site. Similarly it was low in the jugular vein. 
However, the variations in values in all the 
examinations indicate that the mixing of the 
radiosodium in the blood is far from uniform, 
as would be expected with this type of forced 
circulation. The actual radiosodium con- 
tents of the blood samples may not have much 
significance. The important thing is that 
grossly, with the counter, general movement 
in the circulation can be observed. 

From these experiments it is quite evident 
that in a dead animal the mechanical inflation 
or deflation of the lungs or a combination o/ 
both produces a movement of the blood of 
sufficient magnitude to circulate it over the 
entire body, in a continuous direction from vein 
to heart, to lungs, to heart, to artery, to capil- 
lary, and back to vein again. While both the 
rate and the volume of this circulation are well 
below that in the living animal, it is, never- 
theless, definite. Whether it is a result of the 
alternate filling and emptying of the pulmo- 
nary capillaries or of alternation in pressure 
upon the heart and great vessels, or a com 
bination of both, is not yet determined (3). 

That it is possible by mechanical means to 
circulate the blood in an animal whose heart 
has stopped beating would seem to have con- 
siderable clinical value. In order for the blood 
to be circulated it must remain fluid. Intra- 
vascular clotting takes place soon after death, 
and when this occurs the possibility of recov- 
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ery is terminated. Therefore the use of hep- 
arin intravenously as an active part of resus- 
citation is indicated. If, in resuscitation, 
heparin is given intravenously before the heart 
has stopped beating, thus preventing clotting, 
the time of possible revival is prolonged. 
Since the greatest amount of circulatory 
movement was found with alternating positive 
inflation and negative deflation of the lungs, 
this should be the method of choice. This can 
be done only by mechanical means; it is 
therefore evident that mechanical double ac- 
tion respirators are of the greatest value. 

Because of the small number of experi- 
ments, no definite numerical conclusions can 
be drawn from these results. However, move- 
ment of the blood in a dead heparinized ani- 
mal has definitely been shown to occur under 
the action of mechanical respirators. The re- 
sults have been qualitatively corroborated by 
other experiments (to be reported later) in 
which fluorescence and oxygen have been used 
as tracer substances. Quantitative results 
are more readily obtained by use of a radio- 
active tracer. 


SUMMARY AND CONCLUSIONS 


A method of determining the effect of pul- 
monary resuscitative procedures on the circu- 


lation by the use of radioactive sodium has 
been described. By this method it has been 
possible to demonstrate that alternate me- 
chanical inflation and deflation of the lungs, 
or either operation alone, produce a movement 
of the blood within the vascular system. 
This movement is sufficient in the dead but 
heparinized animal to circulate some of the 
blood throughout the entire body. Mechan- 
ical resuscitators, using alternating positive 
and negative pressures, produce the greatest 
circulation. As soon as postmortem clotting 
occurs, little or no motion of the blood can be 
brought about by resuscitative procedures. 
When intravenous heparin is used to prevent 
this clotting, the period during which blood 
can be moved is greatly prolonged. For this 
reason the use of intravenous heparin seems 
indicated in resuscitation, as a definite means 
of prolonging the possible recovery time of the 
asphyxiated patient. 
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CANCELLOUS BONE GRAFTS FOR INFECTED 
BONE DEFECTS 
A Single Stage Procedure 


Wing Commander HERBERT M. COLEMAN, M.D., F.R.C.S. (Ed.), Major JAMES E. BATEMAN, 
M.D., GORDON M. DALE, M.D., and Captain DONALD E. STARR, M.D. 


HE skillful surgery of World War II, 

with the help of plasma, penicillin, 

and sulfa therapy has saved many 

lives and limbs which would other- 
wise have been lost. The reconstructive sur- 
geon is subsequently faced with many dif- 
ficult problems in the restoration of a useful 
limb. Large bone defects with scarring of the 
overlying tissues are frequently encountered 
after compound fractures or gunshot wounds. 
In cases in which the wound has never been 
infected or has been healed for several months, 
the problem is relatively simple and can be 
handled by one of the common methods of 
bone grafting. In those cases in which the 
bone defect has an associated chronic low- 
grade infection with sequestra and sinus for- 
mation, function must be restored quickly be- 
fore infection and immobilization give rise to 
such disuse changes as stiff joints, atrophy, 
and fibrosis of muscles, together with circula- 
tory changes. 

In January, 1944, Dickson stated that,‘‘a sur- 
gical bone graft should not be attempted in the 
presence of active infection even if low grade. 
An occasional success does not justify the risk of 
almost certain failure to be anticipated.” “Plac- 
ing a bone graft in an infected area, therefore, 
must be characterized as surgically unsound 
and a violation of the principles of bone graft 
surgery.’ In the series under review over the 
past 14 months, 52 infected bone defects have 
been cleaned out, filled with cancellous chip 
grafts and the wounds closed without drain- 
age. This procedure, in direct violation of the 
principles here enumerated, has yielded re- 
sults which are extremely gratifying. In only 
4 cases has the result been unsuccessful with 
continued infection, resulting in sequestration 


From the Combined Services Orthopaedic Unit Christie Street 
Hospital, Toronto, Ontario. 


of the grafts or further sequestrum formation 
in the grafted bone. The remaining 48, or 92 
per cent, are healed with the bone defects 
obliterated. 

In the summer of 1944 several patients were 
admitted with sinuses leading down to large 
cavities in the upper end of the tibia (Figs. 1, 
a,b,c; 3,a,b,c;12,a,b,c,d.). The defects were 
such that they could not be dealt with in 
the usual manner by saucerization or filling 
with muscle grafts. This type of osteo- 
myelitis had been a problem after the last 
war, and many of them eventually came to 
amputation (Fig. 2). Visits to other ortho- 
pedic centers found these patients being 
treated from month to month with courses of 
penicillin or sulfa drugs without effect. 

In view of good results following seques- 
trectomy with closure of wounds under peni- 
cillin and the successful use of chip grafts in 
the mandible by the plastic surgeons in the 
presence of infection, it was our opinion that 
cancellous grafts could be used in other bones 
as well. Mowlem (6, 7) has reported 85 
cancellous chip grafts. Eleven of these were 
done in the presence of infection, 2 in the tibia 
and the rest in the mandible and skull. He 
considers fragmentation of the graft provides 
a greater surface through which transplanted 
bone cells become accessible, first to serum 
and then to newly formed capillaries, thus 
making their survival more certain. We have 
confirmed his observation that cancellous 
bone has an unusual degree of resistance to 
infection. Whether the grafts die and are re- 
placed or go on living, as Mowlem states, is 
difficult to say from x-ray evidence. What- 
ever the process may be, the fragmentation 
results in rapid new bone formation. We have 
noted the new cortex formation which he 
describes (Fig. 13e). In 5 instances, ununited 
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Vig. 1. Case 3, H. W.a, b,c, A large defect in the 

u per tibia filled with lipiodol. From this cavity 
iphylococcus aureus and Bacillus proteus were 
> |tured. At one sitting the cavity was cleaned out 
d filled with cancellous bone chips. d, e, f, The same 

se 4 months later with the cavity consolidated 

d the wound healed. The patient has 90 degrees 

knee movement. The apparent sinus in f is only 

etraction of the scar at this point. 

lig. 2. Three examples of traumatic osteomyelitis 

th cavity formation which came to amputation 

Ver World War I. 
rig. 3. Case 6, J. C. Gunshot wound of tibia. a, 

b. c, Show the condition on admission. The sinus was 
iniected with hemolytic Staphylococcus aureus, and 
robacter aerogenes. Note the ununited fracture 
of tibia, and the sequestra. The fracture was united 
in 2 months. f, The condition of the wound at the 
first change of plaster, d, e, g, Final result. 


eos 


“On 
c d e f g 
Fig. 3. 


linear fractures were present in relation to a was solid enough for weight bearing after 7!2 
defect and united rapidly after grafting. Two months, and the patient has been on full ac- 
of these in the tibia were united in 2 months _ tivities for 5 months. The other case (Fig. 4, 
(Figs. 3, a, b, c, dye, f, g). In two instances a,b, c,d) is solid at 6 months with obliteration 
complete defects were present. One of these — of the defect. 
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a b 
_ Fig. 4. Case 30, VG. 
fracture. 
Bacillus proteus. 
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c d 


A complete defect in the tibia following a compound 
The sinus shown in b, was infected with Staphylococcus aureus and 
Sequestra were present in the defect. 


The tibia was solid 6 


months after sequestrectomy with cancellous bone grafting, as shown in ¢ and d. 


TECHNIQUE OF OPERATION 

Preoperative and postoperative care. The 
patient is started on 20,000 units of penicillin 
intramuscularly every 3 hours, 2 days before 
operation. This is continued postoperatively 
until his temperature has remained normal 
from 2 to 5 days. At operation a pneumatic 
tourniquet is used to ensure a dry field. This 
is essential for complete sequestrectomy. Any 
sinus is injected with methylene blue so that 
no infected tissue will be left behind. All 
scar tissue, granulation tissue, and sequestra 
are removed. The cavity is excised with an 
osteotome or curetted down to he: ilthy bleed- 
ing bone. Where feasible, a block resection of 
the bone defect is done. The wound is washed 
out with saline, and penicillin sulfathiazole 
powder, 100,000 units to 20 grams, is sprink- 


Fig. 5. The anterior iliac crest is here exposed. The 
arrow points to the wedge of cancellous bone ready to be 
lifted out. 


led liberally during the operation to ensure 
that all exposed tissues are protected. The 
periosteum is stripped as little as possible. 

The grafts are taken from the anterior por- 
tion of the iliac crest by an assistant and the 
two fields are kept separate. Both iliac crests 
are prepared, as the full extent of the cavity 
cannot be determined from the x-ray picture 
and is usually much larger than expected. The 
posterior iliac crest has also been used. The 
crest is exposed with as little stripping o! 
periosteum and muscles as possible. The con 
tour of the ilium is maintained. A trap door 
of cortical bone with attached periosteum is 
raised from the crest of the ilium. A wedge o/ 
cancellous bone (Fig. 5) can then be cut and 
further bone obtained with a curette. The 
wedge of cancellous bone is shaved with a 
sharp osteotome into thin chip grafts. .1// 
cortical bone is removed from the cancellous 
bone. This is essential as cortical bone h: 
less resistance to infection (Figure 11, a, b. 
demonstrates this point. A previous ch 
graft was done in England using cortical a: 
cancellous bone from the tibia. The gra ' 

was unsuccessful and the cortical sequest 
can be seen in the roentgenogram (Fig. 6, 
Cancellous chip grafting was successful (IF 
6, b and ec). 

The chips are mixed with the penicil 
sulfathiazole powder and packed loosely in 
the cavity. The bone edges are bevelled a 
overlapped with chips to increase the surfac 
in contact. One of us (J. E. B.) fills the cavi' 
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Fig. 6. Fig. 7. 

Fig. 6. F. D. a, A defect of the upper tibia involving the knee joint, infected with 
Bacillus proteus. A one stage sequestrectomy and arthrodesis with insertion of can 
cellous bone grafts was done. b, The knee was soundly arthrodesed 4 months later. 

Fig. 7. Case 2, J. Mc. a, An abscess of the upper tibia from a blood-borne infee 
tion in childhood. A sinus was present infected with Staphylococcus aureus. b, Three 
months after filling the defect with cancellous bone. There has been no recurrence of 


infection 14 months later. 


ith chips and penicillin powder held together 
vith coagulated autogeneous plasma. One 
t» 2 cubic centimeters of .o2 per cent sterile 
agar is added as a coagulant. This produces a 
vehicle of jelly-like consistency fixing the sul- 
fathiazole and penicillin to the fragments. 
The time of absorption of the penicillin and 
sulfathiazole is prolonged and the plasma pro- 
duces more concentrated nourishment for the 
grafts than blood clot. The skin defect is then 
closed. If more than a simple plastic pro- 
cedure is necessary, the operation is com- 
pleted by a plastic surgeon. The limb is en- 
closed in a plaster-of-Paris cast, which is not 
changed for 3 weeks. Soft tissue immobiliza- 
tion is important for healing and the limb 
must be immobilized until the grafts are con- 
solidated. 

This report is necessarily a preliminary one, 
as the series covers just over a year and many 
of the cases have been done in the past few 
months. The final fate of the grafts will have 
to be evaluated, but to date they have formed 
good bone with no evidence of absorption 
with use. 

Site of defect. The tibia was involved in 
29 cases, the femur in 12, the os calcis in 3, 
the humerus in 6, the carpus in 2. 

In all 52 cases infection was present at the 
time of operation. Preliminary sequestrec- 


tomy was done by us in 6 of these, and many 
had had a previous sequestrectomy which had 
not been successful, as sequestra. still re- 
mained. Three plates, a screw, wire, and 
numerous foreign bodies were also removed. 
Sequestrectomy was not done as a separate 
operation unless the patient was being 
anesthetized for a preliminary plastic pro- 
cedure and the defect was readily accessible. 
In bones clothed by muscle, the extra opera- 


Fig. 8. Case 28, P. G. A compound fracture of tibia in 
fected with Staphylococcus aureus, diphtheroid and Bacil 
lus proteus. A caterpillar graft was completely lost, but 
did not affect the take of the cancellous bone grafts as 
shown in, b. 
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a b 


d 


Fig. 9. Case 22, G. M. a, b, the preoperative condition. c, d, 4 months after 
sequestrectomy and cancellous bone grafts. The skin wound was closed by a ro- 


tation tlap. 


tion will increase muscle fibrosis. In the tibia 
it is likely to increase the skin defect and make 
subsequent wound closure more diflicult. We 
do not consider that there is anything to be 
gained by a preliminary sequestrectomy, as 
the granulating cavity must be curetted again 
before insertion of the cancellous grafts. Se- 
questrectomy with preliminary split) skin 
grafting of the cavity which has recently been 
described (4, 5) would appear to be an un- 
necessary procedure, with far from assurance 
of a complete take of the skin grafts and no 
assurance of the eradication of the infection 
in the time which elapses before the tinal bone 
graft is carried out. Sterilization of the 
wound is obtained by the complete excision of 
all infected scar, granulation tissue and dis- 
eased bone with the aid of penicillin and sulfa- 
thiazole. Any failure in the take of the split 


a 


Fig. 10. Case 25, W. W. Infection following open reduc- 
tion of a fractured tibia. a, b, Show the sinuses with se- 
questra formation. a, ¢, Tibia united and the wound healed, 
4 months after sequestrectomy with cancellous bone grafts. 


skin graft leaves a portal of entry for further 
infection. 
CAUSE OF INJURY AND SOURCE OF INFECTION 

The cause of injury and source of infection 

were as follows: 

1. Gunshot wounds involving bone 

2. Compound fractures. . 

3. Bone infection following open reduction of 


simple fractures. ...... 
4. Bone abscesses from childhood osteomyelitis 


The 2 cases of bone abscess from a blood-borne 
infection in childhood had had recurrent acute 
attacks, and both were infected with Staphy- 
lococcus aureus. Healing occurred without 


a b c 

Vig. 11. Case 5, R. C. Gunshot wound of tibia. Bo 
chips from tibia were inserted in the defect in Englar 
The cortical bone has sequestrated, as shown in a. | 
was admitted with a sinus from which Staphylococi 
aureus and pyocaneus were cultured. b, The defect aft 
cancellous bone grafts from the iliac crest. c, The wou 
healed by primary intention. 
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Fig. 12. Case g, A. M. Gunshot wound of the left tibia 
th a large sinus and sequestra, a, d, b, e, The extent of 
- cavity after sequestrectomy took place. c, f, Final 


i; cident, and there were no symptoms, and 
tie cavities were obliterated (Fig. 7, a, b). 


BACTERIOLOGY 


In 21 instances, the infection was a mixed 
ie. Penicillin was given to all patients rou- 
nely, despite the presence of penicillin-re- 
stant organisms. Bacteriology in 10 cases 
vas incomplete—either no growth was re- 
ported or no report was found. The organisms 
i) their frequencies were: 


a 


Staphylococcus aureus 
Bacillus proteus... 
Diphtheroid bacillus. ...... 
Pyocyaneus (Pseudomonas) 
Hemolytic streptococcus 
Nonhemolytic streptococcus . 
I'scherichia 
Staphylococcus albus 
\erobacter aerogenes 
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consolidation of the cavity with the wound healed. There 
Was a partial loss of the split skin graft over the donor 
area. 


Clostridium 
\lcaligenes 
Bacillus coli 


ty 


In the 4 failures the organisms found were: 
In case 14, the Staphylococcus aureus (re- 
sistant to 30 units penicillin per 100 ¢.c.); in 
case 19 the Bacillus proteus and a clostridium; 
in case 29 the Staphylococcus aureus, aero- 
bacter, pseudomonas, and Bacillus proteus; in 
case 51 the Bacillus proteus. 

In these 4 cases, organisms resistant to 
penicillin were present and were undoubtedly 
a factor in the failure. In 3 of these further 
sequestra have been demonstrated, probably 
due to the interference with the blood supply 
of relatively avascular bone, plus continuing 
infection. The other failure was in a cavity 
surrounded by very sclerotic bone. The chip 


a b 


Fig. 13. Case 10, A. H. Compound fracture of tibia by a V-2 bomb. Patient was 
admitted with a sinus and sequestra, as shown in a, b. d, The wound healed at 
the first change of plaster. c, The cavity obliterated 3 months after sequestrectomy 
with cancellous bone grafting. e, Is a roentgenogram 11 months after cancellous 
bone grafts. Note the excellent quality of the bone with a new cortex formation. 
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grafts were later removed and had seques- 
trated with no evidence of osteogenesis. Poor 
blood supply to the grafts plus penicillin-re- 
sistant organisms resulted in failure. No 
virulent flare-up of infection has resulted from 
operation in any of the 52 patients. 


WOUND CLOSURE AND IMMEDIATE RESULTS 


Extensive scarring and sinus formation 
were present in almost every case. This 
necessitated some form of plastic closure of the 
wound in 30 instances. The plastic pro- 
cedures included local mobilization of the 
skin edges, rotation flaps, double-ended local 
pedicles, 2 abdominal pedicles, and 1 cater- 
pillar flap. In some instances the skin was 
mobilized completely around the extremity 
over a wide area. In 33 cases the wounds were 
perfectly healed at the first change of plaster. 
Of the remaining tg all are healed except 2. 

The causes of failure of the wounds to be 
completely healed at the first change of 
plaster were: persistent sinus to bone in 5, 
loss of flap or a portion in 3, superficial necrosis 
of skin edges due to tension in 8, hematoma 
in 2, and stitch abscess in 1. 

The 8 cases in which the superficial dry 
necrosis occurred could probably have been 
avoided with more careful closure. These all 
healed with no infection and minimum scar- 
ring. The loss of a flap or a portion did not 
affect the underlying cancellous grafts. In 1 
case in which a complete caterpillar graft was 
lost (Fig. 8, a, b) the remarkable viability of 
cancellous chip) grafts was demonstrated. 
None was lost and the cavity has consolidated. 
To date there has been no reopening of any 
wound or flare-up of osteomyelitis after heal- 
ing. 

In an additional series of 5 cases in which 
infected bone defects involved joints (Fig. 6, 
a, b), the same routine has been carried out. 
All of these are healed; 3 are firmly arthro- 
desed and the other 2 have been done too 
recently to expect arthrodesis. 


SUMMARY AND CONCLUSIONS 

1. In 52 infected bone defects cancellov. 
chip grafts have been inserted after seque- 
trectomy and the wound closed, with succe:s 
in 92 per cent. 

2. The method is applicable to traumat 
osteomyelitis and some cases in which the 
infection has been blood-borne. 

3. No virulent infections have resulted ani 
there has been no flare-up of infection after 
healing, for periods up to 14 months. 

4. In a small series in which traumatic 
osteomyelitis involved joints, chip grafts have 
been used after sequestrectomy with healing 
and satisfactory fusion. 

5. Successful chip grafting in the presence 
of infection depends upon (a) complete se- 
questrectomy and removal of all infected tis- 
sue; (b) an adequate vascular bed for the 
grafts which must have all cortex removed; 
(c) no dead spaces; (d) penicillin, systemically 
and locally, with sulfatherapy, if indicated; 
(ec) full thickness skin to close any skin defect; 
(f) plaster immobilization (for soft tissue heal- 
ing and until the bone is consolidated). 

6. The one stage method for obliterating 
infected bone defects saves months of hospital 
treatment and restores function before disuse 
changes become irremediable. 
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OUTLET PELVIMETRY 


A Commentary, and the Presentation of a Pelvimeter for Measuring the 


“Symphysis and Sacral Biparietal Distance” 


HERBERT THOMS, M.D., New Haven, Connecticut 


r HIE measurement of pelvic outlet 
diameters has always presented cer- 
tain difficulties, whether the attempt 
to determine these dimensions has 

| en by manual or roentgenological means. 

| the former case, because of a lack of definite 
pipable end points for the intertuberal or 

{ ansverse diameter, the estimation of this 

¢ mension may be quite variable in the same 

i dividual even when measured by experi- 

ciced observers. Roentgenologic methods 

ior depicting the pubic arch have not proved 
very satisfactory because of distortion dif- 
ficulties. Lateral pelvic views, nevertheless, 
are very useful in determining anteroposterior 

diameters and relationships. However, im- 

portant morphological data can be obtained 


From the Department of Obstetrics and Gynecology, Yale 
University School of Medicine. 


Fig. I. Roentgenogram of pelvic inlet diameters as 
shown in Figure 8. (Correction scale at top.) 


by either method, manual methods being 
particularly valuable in determining the shape 
and general size of the pubic arch. 

The pelvic outlet in relation to labor 
presents a mechanism which it is useful to 
consider. With a normally shaped pubic arch 
with adequate capacity the head extends 
with the occiput in close contact with the sub- 
pubic angle. The are described by the ex- 
tending sinciput is minimal under these 
circumstances and the likelihood of perineal 
damage is also minimal (igs. 3 and 4). 

However, when the subpubic angle is nar- 
row and the capacity of the arch is thereby 
lessened, the head as a whole is forced back- 
ward, the biparietal diameter engaging the 
ischiopubic rami; the are of the extending 
sinciput is lengthened, and the liability of 
soft tissue damage thereby increased. It is 


obvious, therefore, from the mechanics of 


Fig. 2. Lateral roentgenogram diameters as shown in 
Figure 9. (Correction scale at side) 
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Fig. 3. With the head flexed at the perineum before ex- 
tension and disengagement take place the occipital part of 
the head comes in contact with the pubic arch, meeting 
resistance at the parietal bosses (Fig. 4). (Modified from 
DeLee.) 


these head and outlet relationships that the 
width of the subpubic angle and the shape of 
the pubic arch are of considerable importance. 
As Allen logically states, “The important 
point is clearly how close the occiput is allowed 
to approach the lower edge of the symphysis.” 

If we consider variations in the downward 
course of the pubic rami, it becomes evident 
that the degree of the pubic angle in itself may 


\ 
| 


Kigs. 5 and 6. The pubic angles and bituberal distances 
are identical. The pubic arches, however, have important 
ditferences from the obstetrical viewpoint. 


Fig. 4. When the fetal head begins to extend the parieta 
bosses meet resistance at B-B, and point 1 sweeps upward 
over the perineal floor. (Modified from DeLee.) 


Fig. 7. The sliding crossbar of a Thoms outlet pelvi 
meter has been replaced by a solid bar 9 centimeters in 
length. After palpation of the arch this bar is brought t« 
fit snugly between the rami. It is held in this position 
while the arm of the pelvimeter is placed at the lower edge 
of the symphysis. The symphysis biparietal distance i+ 
read from the scale. The sacral biparietal distance i: 
measured by holding the cross-bar in position and swinging 
the arm posteriorly to the sacrococcygeal junction—! 
centimeter is deducted from the reading to compensat« 
for the thickness of the lower sacrum. (Modified fron 
Williams.) 
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Fig. 8. The pelvic inlet: A, anteroposterior diameter, 
8, transverse diameter, C, posterior sagittal diameter, D, 
transverse diameter of midplane. 


not give a good index to outlet capacity and 
may even be misleading. Figures 5 and 6 
illustrate this point. In both instances identi- 
cal pubic angles are shown with the same 
intertuberal diameters, yet the available 
space in the upper part of the two arches is 
quite different. 

As an alternative to determining the sub- 
pubic angle and attempting to determine a 
transverse outlet diameter, the measurement 
of the symphysis-biparietal distance has been 
recommended by Allen. This is the distance 
within which a normal biparietal diameter 
cannot approach the lower edge of the sym- 
physis. This author determines this dimension 
irom a roentgenographic film, but I am con- 
vinced that equally good information can be 
determined adequately by the palpatory 
method here described. Because of the dif- 
ficulties previously commented upon of meas- 
uring the bituberous diameter, I find myself 
quite in agreement with this same author, 
who says “The bituberous diameter between 
the inner surfaces of the ischial tuberosities 
has also been discussed previously and the 
conclusion was then reached that this diam- 
eter could not satisfactorily be measured by 
any method so far described. The diameter, 
iurthermore, is not of great importance per se, 
except in so far as it represents the free pos- 
terior end of the pubic arch: contraction of 
the arch always means a reduction in the 
intertuberous diameter, and since the arch 
can be more accurately measured, there seems 
to be little point in measuring the bituberous.” 
From the roentgenological determination of 


Fig. 9. Anteroposterior diameters seen in lateral aspect: 
A, anteroposterior diameter of inlet, B, posterior sagittal 
diameter of inlet, C, anteroposterior diameter of midplane, 
D, posterior sagittal diameter of midplane, /, sacral- 
biparietal distance, symphysis-biparietal distance. 
the symphysis-biparietal distance. Allen rec- 
ommends a special film using Chassard and 
Lapine’s technique. He uses 10 centimeters 
as representing the normal biparietal distance, 
a figure slightly larger than the average of 
93 millimeters given by. Scammon and Calk- 
ins. In the pelvimeter here presented | have 
used a crossbar of 9 centimeters, allowing 
thereby about 0.5 centimeter for the thick- 
ness of the soft parts covering the pubic rami 
in their medial aspect. 


METHOD 


The patient is brought well down over the 
edge of the examining table in the lithotomy 
position; the arch is thoroughly palpated, by 
using both hands simultaneously as in the 
manner well described in textbooks. The 
course of the rami downward is noted, whether 
straight, moderate, or widely arcuate. The 
crossbar of the pelvimeter is then passed be- 
tween the rami, and by upward pressure it is 
brought as near the symphysis as possible. 
As the crossbar is held in this position, the 
end of the arm of the pelvimeter is brought to 
the lower edge of the symphysis and the 
symphysis-biparietal distance read on the 
scale as shown (Fig. 7). 

Another outlet dimension which should 
prove useful is the sacral-biparietal distance ; 
that is, the distance from the lower terminus 
of the symphysis-biparietal distance, as de- 
scribed, to the tip of the sacrum. This can be 
measured externally with the pelvimeter or it 
can be determined satisfactorily on the lateral 
film used in the general pelvic survey. This is 
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accomplished by measuring downward _ be- 
tween the shadows of the descending pubic 
rami the symphysis-biparietal distance pre- 
viously determined. From the lower terminus 
of this distance to the tip of the sacrum repre- 
sents the sacral-biparietal distance. The 
author is aware that the shadows of the 
pubic rami do not lie in the same plane and 
that the mean distance between them prob- 
ably does not exactly represent the sagittal 
plane of the body. However, if films are 
taken at a target-film distance of 36 inches as 
recommended, the error encountered would 
not be obstetrically significant. For a further 
discussion of this aspect of roentgen pelvi- 
metry the reader is referred to the author’s 
views published elsewhere (3). 

It might be useful to consider the relation- 
ship of these proposed outlet dimensions to a 
general pelvic survey. Such a survey for 
determining the adequacy of the bony pelvis 
for childbearing should include roentgen and 
palpatory methods (4). The former should in- 
clude two flat films, one showing the birth 
canal from above downward, from which cer- 
tain inlet and midplane measurements may 
be determined, and a second film taken later- 
ally from which certain inlet, midplane, and 
outlet measurements may be obtained. The 
importance of morphological characteristics 
should also be emphasized in any such survey 
and, in addition, the following pelvic measure- 
ments will give useful information (Figs. 1, 
2, 8, 9): 

Pelvic inlet—Anteroposterior, transverse. 
posterior sagittal diameters 


Pelvic midplane—Anteroposterior, trans- 
verse, posterior sagittal diameters 

Pelvic outlet —Symphysis-biparietal, sacral - 
biparietal distances 

In conclusion, the author takes this oppor- 
tunity to mention again that the technica! 
cost of such a pelvic survey need be hardly 
more than many hospital laboratory pro- 
cedures, and that the information thus obtained 
is so greatly useful that every primigravid 
woman should have its benefit. 


SUMMARY 

1. Pelvic outlet pelvimetry at present is not 
satisfactory because transverse dimensions 
cannot be accurately determined. 

2. The important information in a given 
case should reveal how close will be the ap- 
proach to the lower edge of the symphysis oi 
the biparietal diameter of the child’s head as 
it passes through the pelvic arch. 

3. This information may be secured by pal. 
pation, and with the pelvimeter here described. 

4. The comprehensive pelvic survey should 
include inlet, midplane, and outlet dimension- 
al information, by use of both palpatory and 
roentgen methods. Prognosis on the informa- 
tion so obtained should be solely the responsi- 
bility of the obstetrician. 
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THE ABSORBABLE 
HEMOSTATIC AGENTS 


HE absorbable hemostatic agents 
which have been recently developed, 
such as fibrin foam, oxidized cellu- 
lose (cellulosic acid), and gelatin sponge, 
represent a helpful contribution to the tech- 
nique of surgery. Until these materials be- 
came available, muscle had been used as a 
hemostatic agent by the neurosurgeons since 
its introduction by Cushing in 1911. Most of 
the clinical experience with these new hemo- 
static agents, especially the fibrin foam and 
gelatin sponge, has been in neurosurgery. 
These reports have stimulated an interest in 
utilizing these materials to meet the varied 
problems of hemostasis in general surgery. 
Enough data are now available and more will 
soon be published which establish the useful- 
ness of these agents in the broad field of 
surgery. 
The fundamental mechanism involved in 
the use of the hemostatic agents is to hasten 


the formation of a clot and give structural 
support to the clot. This permits control of 
hemorrhage of a greater magnitude than could 
be expected from the normal protective mech- 
anism—the physiological process of the clot- 
ting of blood. In using hemostatic agents one 
is merely enhancing the value of a protective 
mechanism of the body. 

The particular field of usefulness of the he- 
mostatic agents is in the control of hemorrhage 
where ligature or suture is not adequate or 
feasible. There is no place for controversy over 
the matter of using these materials in lieu of 
ligature or suture in the ordinary routine tech- 
nique of surgery. 

In dissecting away scar tissue, freeing ad- 
hesions, or in mobilizing large flaps one may 
have a continuously oozing surface which may 
be difficult to control except by these agents. 
In the first aid treatment of hemorrhage from 
surface wounds, especially from large veins, 
these materials should be very helpful as a 
temporary expedient until the patient can be 
cared for in an adequately equipped operating 
room. In hemorrhage from parenchymatous 
organs, such as in wounds or resections of the 
liver, there is a place for better hemostasis 
than can be obtained by ligature or suture 
alone. This is also true for the bleeding from 
the under surface of the liver after cholecys- 
tectomy. 

One may encounter a sudden venous hem- 
orrhage during the course of an operative pro- 
cedure, such as in the mobilization of an organ 
or tumor, where the bleeding point cannot be 
identified for application of a hemostat be- 
cause of the massive bleeding or the inade- 
quacy of the exposure. In such trying situa- 
tions the hemostatic agents offer an alterna- 
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tive to the blind application of hemostats 
which may damage adjacent vital structures 
or fail to prevent exsanguination. It has been 
customary in the past to resort to large gauze 
packs in an attempt to control such bleeding. 
When these packs are subsequently removed 
one may again encounter hemorrhage. In 
using the absorbable hemostatic materials one 
does not have to contend with this problem. 

In operations on the bile ducts or in resec- 
tions of the pancreas one may open the portal 
vein. If vein suture is not feasible the only al- 
ternative is ligation, which of course is most 
undesirable. In such circumstances, as well 
as in injury to other veins which one may 
not choose to ligate and where vein suture 
may not be feasible, the hemostatic agents 
may offer an alternative which may prove 
most helpful. In an experimental study one 
of these agents has been used to control hem- 
orrhage from the vena cava of animals by the 
application of a “patch” such as is used by the 
neurosurgeons in dealing with hemorrhage 
from the dural sinuses. It is desirable in this 
“patch” technique on veins to cover the hemo- 
static agent with a layer of tissue such as the 
peritoneum or pleura to prevent dislodgment 
even though the “patch”? may become quite 
firmly adherent to the vein within twenty to 
thirty minutes. If vein suture is feasible in an 
injury to a large vein there is also a place for 
the hemostatic agents as a secondary line of 
defense against leakage and hematoma for- 
mation. 

Only a few of the situations where the ab- 
sorbable hemostatic agents may be helpful 
have been outlined. The entire field of sur- 
gery abounds with problems which may be 
aided by these materials. For example, ex- 
perimental studies are being conducted to 
ascertain their usefulness in the control of 
hemorrhage from the heart and the aorta 
where they may possibly have some value. 


The several hemostatic agents have differ- 
ent physical properties and some variation in 
the rate of absorption. The fibrin foam and 
the gelatin sponge are similar in that they are 
a spongy material. The oxidized cellulose has 
the texture of ordinary gauze or cotton. In 
the dry state the fibrin foam is brittle and eas- 
ily fragmented, whereas the gelatin sponge 
can be compressed by the fingers into a pliable 
sheet. The fibrin foam may be slightly stronger 
than the gelatin sponge when moistened. 
Under favorable conditions the fibrin foam or 
the gelatin sponge undergo absorption within 
about four to five weeks. The oxidized cellu- 
lose is absorbed more rapidly. In the presence 
of infection the gelatin sponge may become 
liquefied and disappear within a few days to a 
week. When oxidized cellulose comes in con- 
tact with blood it turns brown and then black. 
Fibrin foam or gelatin sponge take on a pink 
or red color when blood is taken up by the 
myriads of interstices. 

There is as yet relatively little information 
to guide one in the selection of the agent best 
suited to a particular hemostasis problem in 
general surgery. As more clinical and experi- 
mental data become available it may be pos- 
sible to work out a recommendation to cover 
the various situations in which one hemostatic 
agent may have more value than another. 

There will undoubtedly be other absorbable 
hemostatic agents developed which may have 
properties that will be more useful for some of 
the hemostasis problems than the material 
now available. There is a place for a tougher 
and stronger spongy material as well as a place 
for a more rapidly absorbed spongy or foamy 
material, and possibly a more slowly absorbed 
material than is now at hand. This brings up 
the point that some official supervision should 
be given to the manufacture of the hemostatic 
agents so that standardization of absorption 
properties and sterility controls can be estab- 
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lished. It would be appropriate for a committee 
of the American College of Surgeons to make 
some recommendation on this. 

Technical points which can best be de- 
scribed as “know how” but which cannot be 
easily put into words or diagrams, are essential 
for the successful use of these materials. One 
must gain some personal experience in han- 
dling these agents before attempting to use 
them for the control of a severe hemorrhage. 
The most important general feature of the 
technique of applying these materials is to 
permit fresh blood to soak into them and then 
apply firm even pressure over the bleeding 
area for from three to five minutes or longer, 
depending on the magnitude of the hemor- 
rhage and the structure from which it comes. 
In some instances the hemorrhage may be 
controlled in less than a minute. 

Thrombin solution has been used with these 
hemostatic substances to hasten the clot for- 
mation. Those who have used the fibrin foam 
and the gelatin sponge recommend soaking 
these agents in the thrombin solution before 
applying to the bleeding area. Some have 
used thrombin solution for soaking the oxi- 
dized gauze before use. According to one who 
has had the widest experience with oxidized 
cellulose the thrombin is not necessary or even 
desirable, as the best hemostatic effect is ob- 
tained by applying the material in the dry 
state. This is apparently due to the slightly 
acid reaction of the oxidized cellulose. Throm- 
bin has been found to be ineffective in an acid 
medium. If one uses an alkaline solution for 
the sake of the activity of the thrombin, the 
particular hemostatic action of the cellulose 
which is a property of the acidity of the ma- 
terial is thereby negated. Some recent exper- 
imental work with gelatin sponge has demon- 
strated that it has excellent hemostatic prop- 
erties per se. It may be used by soaking only 
in a physiological saline solution, and then ex- 


pressing the excess saline. It may also be used 
in the dry state if it is first compressed in the 
fingers until it becomes pliable. If there is any 
defect in the normal clotting mechanism, such 
as a deficiency in prothrombin or platelets, it 
would be necessary to use a thrombin solution. 
In spite of this evidence on the hemostatic 
properties of the sponge without thrombin, it 
would probably be preferable to continue us- 
ing the thrombin solution with gelatin sponge 
until further studies clarify the effectiveness 
of the thrombin in the hemostatic action of 
these materials. 

When pressure is applied to these hemo- 
static agents after they have been saturated 
with fresh blood there is a tendency for the 
spongy material to adhere to the tissues to 
which it is applied, thus sealing off the hem- 
orrhage. If the blood clots in the spongy ma- 
terial before the pressure is evenly applied or 
if a hematoma develops under the material it 
does not tend to adhere firmly and the bleed- 
ing may not be controlled. Under such cir- 
cumstances it is better to try a fresh sponge 
and attempt to get more even pressure over 
the bleeding area. 

The one most important limitation to these 
absorbable hemostatic agents is that one 
should not expect to put large amounts of 
these materials into wounds, especially if there 
is contamination or infection present, without 
having some undesirable sequela. When any 
new substance is used in surgery there are 
bound to be misuses which may reflect un- 
favorably on the material. The fundamental 
principle of minimizing the amount of foreign 
material in a wound applies to the hemostatic 
agents as well as to anything else. Therefore 
it is important to minimize the amount of 
hemostatic agent used and especially to em- 
ploy as thin a layer of the agent as is com- 
patible with obtaining satisfactory hemo- 
stasis. Where there is a massive hemorrhage 
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which might otherwise be fatal, the amount 
of material used is of course a minor consider- 
ation. When there is trivial bleeding which 
might cause an undesirable but not neces- 
sarily fatal hematoma, then one must weigh 
the problem of the disadvantages of a foreign 
material against the disadvantages of a hema- 
toma. 

The hemostatic agents are still in an experi- 
mental stage of development and clinical use. 
However, they are destined to have an im- 
portant place in the armamentarium of the 
general surgeon as they have had for the 
neurosurgeon, and will necessarily constitute 


some part of the training program of the sur- 
geon, the technical importance of which may 
be second only to the selection and use of liga- 
tures and sutures. 

The judicious use of the absorbable hemo- 
static agents will make for a greater degree of 
safety by minimizing blood loss in operative 
surgery, and furthermore may contribute to a 
widening of the scope of surgery, especially in 
the operative attack on malignant tumors in 
which the results being currently obtained by 
the accepted operative procedures on some 
organs leave much to be desired. 

HILGER PERRY JENKINS. 
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THE SURGEON’S LIBRARY 


REVIEWS OF 


nals! by Louis J. Soffer reviews completely the 

physiology and diseases of the adrenals. The 
chemical and mechanical techniques used in the di- 
agnosis of adrenal disease, the recent methods used 
in studying the physiology of the glands, and the 
relation to other glands are discussed. 

A detailed study is made of Addison’s disease and 
of its treatment. The preoperative and postopera- 
tive treatment of surgical complications in Addison’s 
disease are discussed. While pregnancy is strongly 
contraindicated in Addison’s disease, the interrup- 
tion of it is condemned as less safe than the attempt 
to carry it to termination. Advice is given for man- 
agement. 

The unusual sensitiveness of patients with Addi- 
son’s disease to morphine, codeine, paraldehyde, 
bromides, barbiturates, insulin, thyroid extract, and 
thyroxin is emphasized. Epinephrine, sulfonamides, 
and penicillin may be used as in other patients. 

An interesting paragraph is the summary of the 
experimental treatment of Addison’s disease by 
transplantation of adrenal tissue. This should give 
successful results with improvements in transplan- 
tation technique, and would seem to be the ideal re- 
placement therapy of the future. 

The adrenogenital syndrome is also presented 
with critical discussion of virilism, Cushing’s syn- 
drome, adrenal cortical hyperplasia, and adrenal 
cortical tumors. The therapeutic measures include 
the use of various homones, irradiation therapy to 
the pituitary and adrenals, and surgery. 

The medullary and other extracortical adrenal 
tumors, especially the pheochromocytoma are ade- 
quately discussed in this monograph, and the pre- 
operative and postoperative treatment of the vari- 
ous types of tumors are clearly outlined. 

It is a well written, concise, and practical book 
with an exceptionally complete bibliography. It can 
be recommended to clinicians and all those interested 
in the physiology of the adrenals. 

ARTHUR J. ATKINSON. 


[a excellent monograph Diseases of the Adre 


ie four hundred odd pages, illustrated by seventy- 
two well chosen plates, Guthrie’s A History of Me- 
dicine® covers the history of medicine in a distinctly 
interesting fashion. The volume is well documented 
1DISEASES OF THE ADRENALS. By Louis J. Soffer, M.D. Philadelphia, 
Lea & Febiger, 1946. 
24 History or Mepicine. By Douglas Guthrie, M.D., F.R.C.S. 


(Ed), F.R.S.E. With an Introduction by Samuel C. Harvey, M.D., 
F_A.C.S. Philadelphia, London, Montreal: J. B. Lippincott Co., 1946 
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with footnotes and a short list of authoritative 
publications follow each chapter. An appendix, con 
taining a classified bibliography of medical history 
with a short evaluation of the more important ones, 
and a good index are included. Slightly more than 
half of the volume is devoted to the period ending 
with the 18th century. The roth and 2oth ¢enturies 
are complete except that the author has chosen to 
leave for the evaluation of future historians the most 
recent advances in medicine and the work of those 
leaders who are still among the living. 

While less exhaustive than Garrison's /ntroduction 
to Medical History, this volume has succeeded in 
combining broad philosophical discussion with brief 
biographical sketches in such a skillful manner as to 
encourage continuous reading. For the purpose of 
introducing the medical student to the study of 
medical history and for reviving the interest of the 
busy doctor in the fascinating story of medical prog- 
ress, this volume is highly recommended. The ex- 
perience of reviewing it has been a wholly enjoyable 
one. Tuomas C. Dovctass. 


HE second edition of Clinical Electrocardio- 

graphy* by Scherf and Boyd is, as pointed out by 
the authors, primarily for the advanced student of 
electrocardiography and not for the beginner. It is 
well printed and there are only a few typographical 
errors. The electrocardiograms used as illustrations 
are numerous and for the most part satisfactory. 
Much of the text is used in discussing and explaining 
these cardiograms. 

The authors adhere fairly well to the terminology 
recommended by the American Heart Association. 
They consider many clinical and controversial sub- 
jects and their approach to these subjects is stimu- 
lating. The discussion on interference dissociation 
and parasystole is well written. It would seem that 
more space could have been given to the subject of 
precordial leads and to coronary occlusion. The 
author’s remarks regarding the changes incident to 
hypo-ovarianism will probably be challenged by 
some authorities. 

This 259 page book is a definite contribution 
to the literature on this subject. It is to be rec- 
ommended for the reference library of all physi- 
cians interested in clectrocardiography. 

A. Mart. 


By David 
F.A.C.P., and Linn J. Boyd, M.D., F.A.C.P. ond ed 
Lippincott Co., 1936 
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CORRESPONDENCE 


THE Rh FACTOR—SEROLOGIC BACK- 
GROUND AND CLINICAL APPLICATION. 
~—A Correction. 

To the Editor: In the paper concerning the Rh Fac- 
tor appearing in the June, 1946, issue of SURGERY, 
GYNECOLOGY AND OBSTETRICS, the sentence be- 
ginning on the eleventh line from the bottom of the 


page, in the right column of page 744, is misleading 
in that it states: ‘An individual whose blood is Rh- 
negative and who carries both Rh-positive and Rh- 
negative genes is heterozygot.’’ The sentence should, 
of course, begin ‘‘An individual whose blood is Rh- 
positive ...’’, as the presence of Rh-positive genes 
inevitably means that the individual’s blood must be 
Rh-positive. S. Mites Bouton, Jr. 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgement must be regarded as a sufficient 
return for the courtesy of the sender. Selections will be 
made for review in the interests of our readers and as 
space permits. 

Beaumont’s Formative Years. Two Early 
Notebooks 1811-1821. By Genevieve Miller, M.A. New 
York: Henry Schuman, 1940. 

Compresiones Meputares No ‘TRauMAtIcAs. By 
Rafael J. Babbini. Buenos Aires: Aniceto Lopez, 1943. 

JouHN AND WILLIAM Hunter. By Jane M. Oppenheimer, 
with a Foreword by Fenwick Beekman, M.D. New York: 
Henry Schuman, 10940. 

CANCER OF THE SCROTUM IN RELATION TO OCCUPATION. 
By S. A. Henry, M.A., M.D. (Cantab.), F.R.C.P., D.P.H. 
(Cantab.). London, New York, Toronto: Oxford Uni- 
versity Press, 19406. 

PERIPHERAL Vascunar Distases. By Edgar V. Allen, 
B.S., M.A., M.D., M.S., Nelson W. Barker, B.A., M.D., 


M.S., and Edgar A. Hines, Jr.. M.D., B.S., M.A., MLS., 
with Associates in the Mayo Clinic and Mayo Foundation. 
Philadelphia, London: W. B. Saunders Co., 1946. 

QvIcK REFERENCE Book FOR MEDICINE AND SURGERY. 
By George EK. Rehberger, A.B., M.D. 13th ed. Phila- 
delphia, London, Montreal: J. B. Lippincott Co., 1940. 

MorTHER AND BasBy CARE IN Pictures. By Louise 
Zabriskie, R.N. 3rd. ed. Philadelphia, London, Montreal: 
J. B. Lippincott Co., 1946. 

DraBetic CaRE IN Pictures. By Helen Rosenthal, 
B.S., Frances Stern, M.A. (Hon.), and Joseph Rosenthal, 
M.D. Philadelphia, London, Montreal: J. B. Lippincott 
Co., 1946. 

LES NEPHROPATHIES GRAVIDIQUES. By H. Pigeaud and 
H. Dumont. Paris: Massonet Ci*, Editeurs, 1946. 

LE FIBRO-MYOME UTERIN. By J. Ducuing. Paris: 
Masson et Ci®, Editeurs, 1946. 

UroLtocic By Miley B. Wesson, 
M.D. 2nd rev. ed. Philadelphia: Lea & Febiger 1940. 


408 

| 

ov 

wh 

scl 
to 
sui 

Ne 
fac 

an 
Ce 
cus 

Cle 

cor 

in 

Un 

vel 

wh 

Dr 

bee 

Wa 

Ar 

wh 

La 

lan 

the 

gre 

otk 

( 

gre 

tril 
adv 
Con 


tw 


CLINICAL CONGRESS OF AMERICAN 
COLLEGE OF SURGEONS 


W. Epwarp GALLIE, Toronto, President 
IRVIN ABELL, LOUISVILLE, President-Elect 


Committee on Arrangements 
Tuomas E. Jones, Chairman; JoHN W. Hottoway, Secretary 


CLINICAL CONGRESS TO BE HELD IN CLEVELAND 
DECEMBER 16 TO 20 


HE thirty-second Clinical Congress of 
the American College of Surgeons, orig- 
inally planned for New York from Sep- 
tember 9 to 13 but postponed because of 
overlapping with the United Nations Assembly 
which will overtax hotel facilities, has now been 
scheduled for Cleveland, Ohio, from December 16 
to 20. The change in place was necessary because 
suitable accommodations were not available in 
New York during the remainder of this year. 

Cleveland has in its Public Auditorium superb 
facilities for the holding of most of the sessions 
and for the technical and educational exhibits. 
Certain official meetings, some of the panel dis- 
cussions, and a few conferences, will be held in the 
Cleveland and Statler hotels where excellent ac- 
commodations are available. A clinical program 
in the Cleveland hospitals and Western Reserve 
University School of Medicine is also being de- 
veloped by the Committee on Arrangements of 
which Dr. Thomas E. Jones is Chairman and 
Dr. John W. Holloway is Secretary. 

This will be the first time that Cleveland has 
een host city to the Clinical Congress. A meeting 
was planned there in 1942 after the United States 
Army took over the Stevens Hotel in Chicago 
where the Congress had originally been scheduled. 
Later there was an announcement that the Cleve- 
land Public Auditorium would also be needed by 
the War Department, and the 1942 Clinical Con- 
gress was voluntarily cancelled because of this and 
other war conditions. 

Cleveland convention and hotel officials express 
great interest in the Clinical Congress as a con- 
tribution to the city’s educational and scientific 
advancement. The Fellows are assured of a most 
congenial atmosphere in which to meet. The 


American College of Surgeons is well known and 
highly esteemed in Cleveland, as is natural in 
the home city of one of its most eminent founders, 
the late George Crile, Chairman of the Board of 
Regents for several years, and of many other 
honored Fellows, who have labored to develop 
the medical school and hospitals into maximum 
effectiveness in service to the sick and injured. 

Cleveland has twenty-one hospitals approved 
by the American College of Surgeons. In several 
of these, operative and nonoperative clinics and 
demonstrations will be arranged during the week 
of the Congress. The preliminary clinical program 
will be published in a later issue. 

As for the program that had been planned for 
New York for the scientific sessions, hospital con- 
ferences, and other events except clinics, this will 
be carried out in Cleveland with few, if any, 
changes. Up to the time of going to press there has 
not been opportunity to receive replies from all of 
the speakers who have been asked whether the 
change of time and place will affect their accept- 
ance, but most responses have been in the affirma- 
tive, indicating that the program as outlined in 
succeeding pages will stand. 

There is keen appreciation of the work done 
by the New York committe in preparing the 
clinical program there. While it cannot be used 
this year, it is hoped that it can be carried out 
at the 1947 Clinical Congress in New York. 


FIRST POSTWAR CONGRESS 


Following the same plan developed for the New 
York meeting, this first postwar Clinical Congress 
will differ from the meetings for several years prior 
to the war in that a return will be made to the 
original custom of holding the Presidential Meet- 
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ing on the opening evening, Monday, and the 
Convocation on the final evening, Friday, instead 
of combining them on the first night. This sepa- 
ration is especially desirable this year since ex- 
ceptional interest will be centered on the Convo- 
cation as a result of the participation in the 
ceremonies of classes from 1942 through 1946. 


PRESIDENTIAL MEETING 


The Presidential Meeting will be held on Mon- 
day evening in the Music Hall of the Cleveland 
Public Auditorium. It will begin with the im- 
pressive processional of the officers, regents, and 
honorary guests. Dr. Thomas E. Jones, Chair- 
man of the Committee on Arrangements, will 
give the address of welcome. Dr. W. Edward 
Gallie of Toronto, President of the College, will 
preside and will deliver the Presidential Address. 
An inaugural ceremony will be held for the in- 
coming officers: Dr. Irvin Abell of Louisville, 
President; Dr. Leland S. McKittrick of Boston, 
First Vice-President; and Dr. F. Phinizy Calhoun, 
Atlanta, Second Vice-President. Foreign guests 
will then be introduced. 

The first Martin Memorial Lecture will be a 
new feature to be included in the Presidential 
Meeting this year. The invitation to give this lec- 
ture has been accepted by Dr. Edward D. Church- 
ill of Boston. This lectureship was established 
upon motion of the Board of Regents at its mid- 
year meeting on April 1, as a memorial to both Dr. 
Franklin H. Martin and Mrs. Martin. The found- 
er of the College and of SURGERY, GYNECOLOGY 
AND OBSTETRICS was joined by his wife in making 
the College the beneticiary at their deaths of the 
Journal, together with its physical plant operated 
by the Surgical Publishing Company of Chicago, 
of which they were the owners. Doctor Martin 
died in 1935 and Mrs. Martin in 1945. 

The Martin Memorial Lecture, to be given an- 
nually during the Clinical Congress, and dealing 
with a scientific subject of the author’s choosing, 
will supplant the Annual Oration in Surgery. 


CONVOCATION 


The Convocation scheduled for Friday evening, 
will open with a processional of officers, regents, 
and governors. The President, Dr. Irvin Abell, 
will preside and will make the opening remarks, 
confer the honorary fellowships, and present the 
candidates for fellowship. 

An Assembly of Initiates will be held prior to 
the Convocation on Friday in order to instruct 
them in the Convocatian procedure and other 
matters. On this occasion the initiates will sign 
the fellowship roll. 


Several hundred surgeons who have been re- 
ceived into fellowship in absentia during the years 
in which no Convocation was held, will be added 
to the number of initiates for the current year 
who will be present to participate in the initiation 


ceremonies. 
SCIENTIFIC SESSIONS 


General Surgery 

Eminent surgeons and specialists, recognized 
as authorities in their fields, will address the scien- 
tific sessions, to be held on Tuesday, Wednesday, 
and Thursday evenings. These will be conducted 
as symposia, and the subjects for the three nights 
will be as follows: Tuesday, ‘‘Care of the Patient 
Before and After Operation’; Wednesday, “‘Ve- 
nous Thrombosis and Prevention of Pulmonary 
Embolism’’; and Thursday, “Antibiotic and 
Chemotherapeutic Agents in Surgery.” The an- 
nual Fracture Oration will be included in the 
Wednesday evening program. 

Two major panel discussions will be held every 
afternoon except Thursday when the first panel 
will be omitted because of the annual meeting of 
the Fellows. 

A symposium on fractures and other traumas 
will be held on Tuesday afternoon, and a sympo- 
sium on cancer on Wednesday, from 2:00 to 4:00 
o’clock. 

Concurrent panel discussions are also planned 
on Friday afternoon for each of the following 
specialties: plastic surgery, thoracic surgery, 
urology, neurological surgery, orthopedics, and 
obstetrics. Outlines of the programs are pub- 
lished in succeeding pages. 


Ophthalmology and Otorhinolaryngology 


Ophthalmology panel discussions will be held 
Tuesday, Wednesday, and Thursday mornings at 
11:00 o’clock on, respectively, “‘Retinal Detach- 
ment,” “Glaucoma,” and “Keraoplasty.”” On 
Tuesday evening at 8:00 o'clock there will be a 
symposium on “Orbital Reconstruction Including 
Prosthesis.”” On Thursday evening a scientific ses 
sion is planned with the following as the subjects: 
“Recent Advances in Ophthalmology”’; ‘Medica! 
Treatment of Glaucoma’; and “Visual Disturb- 
ances Associated with Head Injuries.” 

Otorhinolaryngology panel discussions will be 
held Tuesday, Wednesday, and Thursday morn- 
ings at 11:00 o'clock on, respectively, “Treatment 
of Méniére’s Disease,”’ “Osteomyelitis of the 
Skull,” and “Rehabilitation of War Deafness.” 
On Tuesday evening at 8:00 o'clock there will be 
a symposium on “Treatment of Deafness” and on 
Thursday evening a symposium on “Surgery of 
the Nasal Accessory Sinuses.” 
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Of interest to ophthalmologists, otorhinolaryn- 
gologists, and other surgeons will be a symposium 
to be held on Wednesday evening at 8:00 o’clock 
on “Plastic Surgery of the Head and Neck.” 


FORUMS ON FUNDAMENTAL SURGICAL PROBLEMS 


The Forums on Fundamental Surgical Prob- 
lems will be conducted on Tuesday, Wednesday, 
Thursday, and Friday mornings. Included in 
them will be brief reports of original clinical and 
experimental observations relating to the broad 
aspects of surgery and the surgical specialties. No 
prepared discussions of the reports are planned, 
but questions and comments will be invited. 
Especially keen interest is expected in these ses- 
sions this year because of the accumulation of the 
results of 5 years of work since the last Clinical 
Congress. Dr. Owen H. Wangensteen of Minne- 
apolis, chairman of the committee which is plan- 
ning the program, is working toward representa- 
tion of as many as possible of the various univer- 
sity departments of surgery in this presentation of 
clinical and experimental research work. 

The enlistment of the interest of young men 
who are doing original work, through the forums, 
is one of the most beneficial results of these 
sessions which are now considered to be an in- 
dispensable feature of every Clinical Congress. 


HOSPITAL CONFERENCE 


Dr. W. Edward Gallie, President of the College, 
will address the opening session of the twenty- 
fifth annual Hospital Standardization Conference 
on Monday morning at 10:00 o’clock in the Audi- 
torium; and will preside at the meeting, which 
will be attended by surgeons and hospital repre- 
sentatives. Following Dr. Gallie’s résumé of the 
Hospital Standardization program of the College, 
including plans for the future, there will be re- 
ports on the progress of the 1946 Hospital Stand- 
ardization survey, final results of which, including 
the Approved Lists of hospitals, cancer clinics, 
and approved hospitals for graduate training in 
surgery, will be announced at the end of the 
year, instead of at the Clinical Congress as was 
the practice in former years. 

The remainder of the Monday morning session 
will be devoted to talks by medical and hospital 
authorities on advances in medicine and surgery 
as they affect the postwar hospital, with particu- 
lar consideration of their relation to the Hospital 
Standardization program. 

The afternoon conference on Monday will be 
concentrated upon current problems and the out- 
look for the future in nursing service. The Tues- 
day morning conference will have as its main sub- 


ject personnel management, and the Tuesday 
afternoon session will be centered around person- 
nel problems in specific fields, such as dietary, 
laboratory, medical records, medical social serv- 
ice, x-ray, physical and occupational therapy, and 
other professional and semi-professional services. 
The discussions will emphasize the importance of 
scientific management techniques in assuring high 
quality service from personnel. 

The Wednesday morning conference will have 
as its main theme the importance of assuring high 
standards of care to the community and pa- 
tients through providing in the general hospital 
facilities for all types of illness. The subject will be 
discussed from the standpoint of psychiatric, 
tuberculous, cancer, chronically ill, and convales- 
cent patients. The Wednesday afternoon confer- 
ence will center mainly around discussion of ways 
of improving co-operation between general hos- 
pitals and special hospitals in the care of all types 
of special patients. 

The Thursday morning conference will revolve 
around the physical plant of the hospital and the 
importance of improvement and modernization 
in raising standards of care of the patient. New 
mechanical and technical developments will be 
presented. The afternoon conference will discuss 
the hospital as the health center of the community, 
with consideration of the effects of this concept 
upon hospital public relations and upon the 
progress of preventive medicine and public health. 

An evening conference will be held at 7:30 
o’clock on Tuesday. This will be devoted to dis- 
cussion of the responsibilities of trustees, and 
members of governing boards will be especially in- 
vited to attend and to participate. A conference 
will be held on Wednesday evening also. This 
will be a round table conference on responsibilities 
of hospital administrators, and the preparation 
which is necessary to enable them to cope suc- 
cessfully with the wide range of administrative 
problems. The discussion of these problems will 
interest all hospital personnel. 


ANNUAL MEETING OF FELLOWS 


The annual meeting of the Governors and 
Fellows will be held on Thursday afternoon at 
1:45. There will be election of officers and gov- 
ernors. The annual meeting affords the Fellows 
of the College an opportunity to hear reports of 
officials on the work of the organization, and to 
learn how it has not only raised the professional 
and ethical standards of surgery, but has also 
promoted good hospitalization and general im- 
provement in the practice of medicine in the 
United States and Canada. Each Fellow has a 
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personal part in this work and may extend the 
influence of the College materially in his local 
community. Hospital Standardization alone of- 
fers him unlimited opportunity to provide better 
medical care for his patients in the hospital in 
which he works through continuous progress in 
applying the principles of the Minimum Standard 
which insure the best care of the patient. 

Every Fellow will want to attend this important 
meeting, at which reports will be presented on 
financial affairs; Hospital Standardization; Grad- 
uate Training in Surgery; Medical Motion Pic- 
tures; Publications; Public Relations; Library and 
Literary Research; the work of the state and pro- 
vincial credentials committees, committees on ap- 
plicants, and the Committee on History Reviews; 
Sectional Meetings, 1946; and the Department of 
Clinical Research, including cancer clinics, Medi- 
cal Service in Industry, the Committee on Cancer, 
and the Committee on Fractures and other 
Traumas. Dr. Abell will report on administration 
of the College, staff changes, and retirements, and 
Dr. Arthur W. Allen, Vice-Chairman of the 
Board of Regents will discuss “Fellowships, 
Obligations and Opportunities.” 


STATE AND PROVINCIAL EXECUTIVE, CREDENTIALS 
AND JUDICIARY COMMITTEES 


On Wednesday morning from 9:00 to 12:00 
o'clock the State and Provincial Executive, 
Credentials, and Judiciary committees will meet 
to discuss their respective activities. 


MEDICAL MOTION PICTURES 


The latest available films showing surgical 
procedures and related subjects will be shown in 
the medical motion picture exhibits which will be 
held daily. These are a much appreciated feature 
of the Clinical Congress. Despite the decrease in 
production of such tilms during the war period, a 
surprising number of new pictures on varied 
subjects are being received by the American 
College of Surgeons for review. 

lhe schedule will be so arranged as not to 
contlict with either the clinical program at the 
hospitals or the scientific sessions. Both sound 
and silent, standard and color films will be shown, 
all of which have been approved by the Commit- 
tee on Medical Motion Pictures. 


FECHNICAL AND SCIENTIFIC EXHIBITION 


The technical exhibit, together with the regis- 
tration and clinic ticket bureaus, will be held in 
the Cleveland Public Auditorium. Leading manu- 
facturers of surgical instruments, x-ray apparatus, 


sterilizers, operating room lights, ligatures, dress- 
ings, hospital apparatus and supplies of all kinds, 
pharmaceuticals, and publishers of medical books 
will be represented in the exhibition. The tech- 
nical exhibits will demonstrate many of the newer 
features learned from our experience in the war. 


ADVANCE REGISTRATION 


The hospitals of Cleveland afford accommoda - 
tions for a considerable number of visiting sur- 
geons. However, in order to insure against over- 
crowding, attendance at the Congress will be 
limited to the number that can be comfortably 
accommodated at the meetings and also by ac- 
commodations in the hotels. It is therefore 
expected that surgeons who wish to attend the 
Congress will register in advance. 

Fellows of the College whose dues are paid to 
December 31, 1945, initiates of the classes of 1942, 
through 1946, and Fellows in military service will 
not be required to pay a registration fee for the 
Clinical Congress in Cleveland. Checks that have 
already been sent for the New York Congress are 
being returned. For endorsed junior candidates 
the fee is $5.00. Surgeons, not Fellows, who at- 
tend as invited guests of the College, will pay a 
registration fee of $10.00. 


CLEVELAND HOTELS AND THEIR RATES 


Although the hotel situation in Cleveland seems 
more favorable than in many other cities, it is 
nevertheless essential to make reservations as far 
in advance as possible. Following is a list of the 
principal hotels: 


No. of 

Rooms Rates 
The Alcazar, Surreyand Derbyshire Roads —_ 200 $3.00 up 
Hotel Allerton, E. 13th St. & Chester Ave. 600 2.65 up 
Hotel Auditorium, E. 6th & St. Clair Ave. 3002.00 up 
Belmont Hotel, Euclid Ave. at E. 40th St. 200 2.00 up 
Hotel Bolton Square, Carnegie at E. 89th 


Carter Hotel, ro12 Prospect Ave....... 600 4.00 up 
Hotel Cleveland, Public Sq. & Superior 

Fenway Hall Hotel, Euclid Ave. at Univ. 

The Hollenden, Superior Ave. at E. 6th St. 1,000 3.00 up 
Lake Shore Hotel, 12506 Edgewater Dr. . 450 3.50 up 
New Amsterdam Hotel, Euclid Ave. at 


Hotel Olmsted, E. oth St. & Superior Ave. 250 3.00 up 
Park Lane Villa, E. rosth & Park Lane 

Sovereign Hotel, 1575 E. Blvd......... 300 62.50 up 
Hotel Statler, Euclid Ave. at E. 12th St. 1,000 3.00 up 


Wade Park Manor, E. 107th & Park Lane = 3.50. up 
The Westlake, Blount St., Rocky River. 400 3.00 Up 
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CLINICAL CONGRESS PROGRAM IN BRIEF 


Monday 


10:00 General Assembly for Surgeons and Hospital Repre- 
sentatives 
1:30-3:00 Panel Discussion 
2:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals 
2:00 Hospital Conference 
1:00 Surgical Film Exhibition (General) 
3:30-5:00 Panel Discussion 
8:00 Presidential Meeting 


Tuesday 
g:oo Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals 
10:00 Hospital Conference 
9:30 Surgical Film Exhibition (Eye, Ear, Nose and 
hroat) 
9:30-12:00 Forum on Fundamental Surgical Problems, 
10:00 Surgical Film Exhibition (General) 
11:00 Panel Discussions 
Ophthalmology 
Otorhinolaryngology 
1:30-3:00 Panel Discussion 
2:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals 
2:00 Hospital Conference 
2:00 Symposium on Fractures and Other Traumas 
2:00 Surgical Film Exhibition (General) 
3:30-5:00 Panel Discussion 
7:00 Surgical Film Exhibition (Eye, Ear, Nose and 
Throat) 
7:30 Hospital Conference—Trustees 
8:00 Scientific Session, General Surgery 
8:00 Scientific Session, Ophthalmology 
8:00 Scientific Session, Otorhinolaryngology 


Wednesday 


8:00 Meeting of Cancer Committee 
9:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected Local Hospitals 
9:30 Hospital Conference 
9:30 Surgical Film Exhibition (Eye, Ear, Nose and 
Throat) 
9:30-12:00 Forum on Fundamental Surgical Problems, 
10:00 Surgical Film Exhibition (General) 
State and Provincial Committees: 
9:30 Judiciary Committees 
10:00 Executive Committees 
10:30 Credentials Committees and 
Committees on Applicants | 
11:00 Panel Discussions 
Ophthalmology 
Otorhinolaryngology 
12:00 Meeting of Board of Governors 
1:30-3:00 Panel Discussion 
2:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals 
2:00 Symposium on Cancer 


2:00 Surgical Film Exhibition (General) 
2:30 Hospital Conference 
3:30-5:00 Panel Discussion 
6:00 Vandyck Reunion Dinner 
7:00 Surgical Film Exhibition (Eye, Ear, Nose and 
Throat) 
7:30 Hospital Conference 
8:00 Scientific Session, General Surgery 
8:00 Scientific Session (Eye, Ear, Nose and Throat) 


Thursday 


9:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals 
9:30 Hospital Conference 
9:30 Surgical Film Exhibition (Eye, Ear, Nose and 
hroat) 
9:30-12:00 Forum on Fundamental Surgical Problems 
10:00 Surgical Film Exhibition (General) 
11:00 Panel Discussions 
Ophthalmology 
Otorhinolaryngology 
1:30 Adjourned Meeting, Governors 
1:45 Annual Meeting, Fellows 
2:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals 
2:00 Hospital Conference 
3:00 Panel Discussion—Graduate Training in Surgery, 
3:30-5:00 Panel Discussion 
3:30 Surgical Film Exhibition (General) 
3:30 National and Regional Fracture Committees, 
4:00 Committee on the Library 
7:00 Surgical Film Exhibition (Eye, Ear, Nose and 
Throat) 
8:00 Scientific Session, General Surgery 
8:00 Scientific Session, Ophthalmology 
8:00 Scientific Session, Otorhinolaryngology, 


Friday 
9:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals 
9:30 Surgical Film Exhibition (Eye, Ear, Nose and 
hroat) 
9:30-12:00 Forum on Fundamental Surgical Problems 
10:00 Surgical Film Exhibition (General) 
1:30-3:00 Panel Discussion, Surgery of the Stomach 
2:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals 
2:00-4:00 Panel Discussions 
Obstetrics 
Plastic Surgery 
Neurological Surgery 
Thoracic Surgery 
Urology 
Orthopedic Surgery 
2:00 Surgical Film Exhibition (General) 
3:30-5:00 Panel Discussion, Surgery of the Vascular 
System. 
8:00 Convocation 
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EVENING SCIENTIFIC SESSIONS 


GENERAL SURGERY 
Tuesday 
Care of the Patient before and after Operation 
Fluid and Electrolyte Balance. CarL Moyer, Eloise, Michigan. 
Nutritional Preparation of the Substandard Risk Patient. RicHarp L. Varco, Minneapolis. 
Use of Blood and Blood Substitutes. JoHn D. Stewart, Buffalo. 
Blood Transfusion Problems, with Special Reference tothe Rh Factor. ALEXANDERS. WIENER, Brooklyn. 
Safe Conduct of the Patient Through Operation. OWEN H. WANGENSTEEN, Minneapolis. 


Wednesday 


Venous Thrombosis and Prevention of Pulmonary Embolism 
Interruption of Deep Veins. ARTHUR W. ALLEN, Boston. 
Sympathetic Nerve Block. ALTON OCHSNER, New Orleans. 
Anticoagulants. D. W. Gorpon Murray, Toronto. 
Fracture Oration 
Modern Methods in the Treatment of Fractures. Ep>win W. RyYERsON, Chicago. 


Thursday 


Antibiotic and Chemotherapeutic Agents in Surgery 
Pathologic Physiology of Surgical Infections. Joun S. Lockwoop, New Haven. 
Penicillin—Its Use in Surgery and Influence on Earlier Types of Chemotherapy. WILLIAM A. ALTE- 
MEIER, Cincinnati. 
Streptomycin. Horron C. HinsHaw, Rochester. 
Correlation of the Use of Antibiotic and Chemotherapeutic Agents with General Principles of Surgery. 
Cuamp Lyons, New Orleans. 


OPHTHALMOLOGY 
Tuesday 
Orbital Reconstruction Including Prosthesis 

Acrylic Prosthesis. A. D. RUEDEMANN, Cleveland. 

Basket Implant. NorMAN L. CuTLEerR, Wilmington. 

Orbital Measurements. 

Reconstruction of Upper Lid and Orbital Floor Defects. Major ArTHUR E. SHERMAN, Springfield 

Missouri. 


Thursday 


Surgical Applied Anatomy in Eye Surgery. MEYER WIENER, Coronado. 
Visual Disturbances Associated with Head Injuries. Joon McGavic, Fort Madison. 


OTORHINOLARYNGOLOGY 


Tuesday 
Treatment of Deafness 
The Suppurating Ear. 
The Fenestration Operation. GEORGE E. SHAMBAUGH, JrR., Chicago 
Use of Radium for Conductive Deafness. JoHN E. BorD ey, Baltimore. 


Thursday 
Surgery of the Nasal Accessory Sinuses 
Indications for Surgery in the Light of the Use of Antibiotics. 
Intranasal Surgery. JouN J. SHEA, Memphis. 
External Operations. 
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SYMPOSIUM ON PLASTIC SURGERY OF THE HEAD AND NECK 


Wednesday 8 p.m. 


Cancellous Bone Graits to the Jaw. 

Repair of Nasal Defects with Free Composite Grafts of Skin and Cartilage from the Ear. JAMEs B. Brown, 
St. Louis. 

Studies in the Anatomy and the Repair of Cleft Palate. 

Preservation of Function Following Resections of Jaw Tumors. 


PANEL DISCUSSIONS 
GENERAL SURGERY 


Monday, 1:30-3:00 p.m. 
Rehabilitation of the Surgical Patient and Early Ambulation. Leader, Howarp Rusk, New York. 


Monday, 3:30-5:00 p.m. 
The Treatment of Cancer of the Large Bowel. Leader, FREDERICK A. COLLER, Ann Arbor. 
Tuesday, 1:30-3:00 p.m. 
Thiouracil in Thyroid Disease. Leader, FRANK LAHEY, Boston. 
Tuesday, 3:30-5:00 p.m. 
Recent Trends in the Management of Carcinoma of the Cervix. Leader, Joe Vincent MeEicGs, Boston. 
Wednesday, 1:30-3:60 p.m. 
Anesthesia. Leader, HENRY K. BEECHER, Boston. 


Wednesday, 3:30-5:00 p.m. 


Protein Metabolism in the Surgical Patient. Leader, ROBERT ELMAN, St. Louis. 
Thursday, 3:30-5:00 p.m. 
Spinal Cord Injuries. Leader, Howarp C. NAFFZIGER, San Francisco. 
Friday, 1:30-3:00 p.m. 
Surgery of the Stomach. Leader, RoscoE R. GRAHAM, Toronto. 
Friday, 3:30-5:00 p.m. 
Surgery of the Vascular System. Leader, DANIEL C. ELktn, Atlanta, Georgia. 


SURGICAL SPECIALTIES 
Friday 2:00— 5:00 

Orthopedic Surgery Panel. (Subject to be announced.) Leader, Cart E. BapGLey, Ann Arbor. 
Urology Panel. (Subject to be announced.) Leader, HERMAN L. KRETSCHMER, Chicago. 
Plastic Surgery Panel. (Subject to be announced.) Leader, RoBert H. Ivy, Philadelphia. 
Neurological Surgery Panel. (Subject to be announced.) Leader, Francis C. GRANT, Philadelphia. 
Obstetrics Panel. (Subject to be announced.) Leader, FREDERICK C. IRVING, Boston. 
Thoracic Surgery Panel. (Subject to be announced.) Leader, R1cHARD H. SWEET, Boston. 


OPHTHALMOLOGY 


Panel discussions in the field of Ophthalmology are planned for Tuesday, Wednesday, and Thursday 
mornings at 11:00 o'clock, on the following subjects: Retinal Detachment; Glaucoma; Keratoplasty. 


OTORHINOLARYNGOLOGY 
Panel discussions on subjects in the field of Otorhinolaryngology are planned for Tuesday, Wednesday 
and Thursday mornings at 11:00 o'clock on the following subjects, respectively: The Treatment of 
Méniére’s Disease; Osteomyelitis of the Skull; Rehabilitation of War Deafness. 
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SYMPOSIUM ON FRACTURES AND OTHER TRAUMAS 


T 2:00 o'clock on Tuesday afternoon there will 
be held a symposium on Fractures and Other 
Traumas under the direction of Robert H. 

Kennedy of New York. This symposium will be de- 
voted toa number of brief presentations by specialists 
n various fields concerning new or improved methods 
adopted during the war whichare applicable to injury 
in civilian surgery. The aim is to give a rapid survey 
of worthwhile gains made during the war which may 
prove of lasting value in the field of trauma. 
Among the fifteen or twenty short papers which 
are planned are the following: 


Bone Grafts. GeorGE K. CARPENTER, Nashville. 
Spinal Cord Injuries. Davip H. Poer, Atlanta. 


SYMPOSIUM 


A symposium on cancer is planned for Wednesday 
afternoon. The Cancer Committee of the College 
has done outstanding work in furthering the develop- 
ment of cancer clinics in hospitals and providing for 
the registration of cured cases of malignant disease 
in the cancer archives. The chairman of this com- 


Injuries to the Rectum. EpMunp J. Croce, Wor- 
cester. 

Transportation of Fractures. WILLIAM J. STEWART, 
Columbia. 

Replacement of Skin Defects. James B. Brown, 
St. Louis. 

Fractures of the Carpal Scaphoid. 
CLEVELAND, New York. 

Amputations. Rurus H. ALDREDGE, New Orleans. 

Training of Amputees. HENRY H. KESSLER, Newark. 

Rehabilitation. Col. A. Reco1o, Wash- 
ington. 

Compound Fractures Treated with Penicillin and 
Delayed Primary Closure. Oscar P. HAmMpTon, 
Jr., St. Louis. 


MATHER 


ON CANCER 


mittee will give a brief review of these activities of 
the College in opening the symposium. 

Other subjects of practical interest are under con- 
sideration for inclusion in the program, which is 
being planned to interest surgeons, pathologists, 
and radiologists. 
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